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AMERICAN  INSTITUTE  OF  ELECTRICAL 
ENGINEERS. 

Secretary's  Bulletin. 


The  fifth  vohime  of  the  Institute  Transactions  was  completed 
with  the  issue  dated  September,  1888.  A  revised  edition  of  the 
volume  made  up  of  printed  sheets,  corrected  by  the  authors,  con 
secutively  paged  and  thoroughly  indexed,  will  be  ready  for  dis- 
tribution to  all  members  in  good  standing  in  a  few  weeks.  Ar- 
rangements may  be  made  in  advance  with  the  Secretary  for 
binding  the  volume  in  half  morocco  with  cloth  or  paper  sides,  as 
preferred,  at  an  expense  not  exceeding  $1.26.  The  first  four  voL 
umes  may  also  be  bound  in  one  at  the  same  price,  making  a  book 
nearly  as  thick,  provided  the  numbers  are  returned  to  the  Se- 
cretary for  that  purpose.  Twenty-five  cents  should  be  enclosed 
for  return  postage,  otherwise  the  book  will  be  sent  by  express. 

The  Editing  Committee  has  decided  to  begin  the  sixth  volume 
with  the  year  1889,  in  order  that  the  date  of  the  volumes  will 
hereafter  coincide  with  the  calendar  year.  This  involves  no 
omission  of  matter,  the  proceedings  being  recorded  continously, 
and  the  current  issue  for  January  actually  covers  the  apparent 
hiatus  between  the  September  and  January  issues.  It  was  also 
decided  that  the  monthly  numbers  be  hereafter  issued  as  the  per- 
manent and  oflScial  publication  of  the  Transactions,  so  that  in 
future  it  will  be  necessary  that  they  be  carefully  preserved  by 
those  who  desire  to  keep  a  complete  file. 

At  the  regular  monthly  meeting  of  Coimcil,  held  December  4th, 
a  letter  was  read  from  the  oflScers  of  the  Institution  of  Civil  En- 
gineers, London,  inquiring  if  any  of  the  Institute  members  ex. 
pected  to  visit  Europe  next  season,  in  order  that  arrangements 
might  be  made  to  render  their  stay  in  England  as  pleasant  and 
nsefnl  as  possible.    The  Secretary  was  instructe4).g^gg^<gpnfer  witb^ 
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the  Secretary  of  the  American  Society  of  Mechanical  Engineers 
in  order  that  the  different  engineering  associations  might  act  in 
unison,  thus  obtaining  special  rates  and  accommodations,  which 
won!d  be  mutually  beneficial..  If  150  passages  are  secured,  the 
-excursion  rate  from  New  York  to  Liverpool  will  be  fixed  at  $110, 
with  a  special  steamer  by  the  Inman  line.  A  suitable  circular 
will  be  prepared  in  a  few  days,  giving  all  necessary  details.  Since 
the  meeting  of  Council  a  letter  of  similar  tenor  has  been  received 
from  the  Society  of  Arts,  London. 

The  following  gentlemen  were  elected  to  associate  member- 
ship, their  applications  having  been  properly  endorsed : 

Victor  Nicholls,  Electrician  and  M'g'r  VaDCOuver  Electric  Ul'g  Ck>.,  (Ltd.)  Van 

couver,  B.  C. 
H.  Eugene  Chubbuck,  Manager  and  Electrician,  Champion  Electric  Light  Co., 

Springfield,  O. 

The  following  associate  members  were  transferred  to  full  mem- 
bership upon  recommendation  of  the  Board  of  Examiners : 

O.  B.  Shallenberger,  Plttsbnrgh,  Pa. 
Dr.  Leonard  Waldo,  Lockport,  N.  Y. 

At  the  30th  meeting  of  the  Institute,  held  December  18th,  a 
paper  was  read  by  Mr.  W.  J.  Jenks,  Member ;  Director  of  the 
•Edison  Standardizing  Bureau,  on  "Six  Years  Practical  Ex- 
perience with  the  Edison  Chemical  Meter." 

At  the  Slst  meeting  of  the  Institute,  held  January  8th,  a  paper 
was  read  by  Mr.  E.  G.  Acheson,  Member ;  Electrician  of  the 
Standard  Underground  Cable  Company,  on  "  Lightning  Arrest 
ers,  and  the  Photographic  Study  of  Self-induction." 
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YoL.  VI.  New  York,  January,  1889.  No.  1. 

Covtriag  the  months  of  October,  November  and  December,  x888. 
SPECIAL  MBBTiya. — EXHIBITION  EYENINO. 


The  twenty-ninth  meeting  of  the  American  Institute  of  Elec 
trical  Engineers  met  on  the  13th  of  November,  at  8  p.  m.,  at  the 
College  of  the  City  of  New  York.  Mr.  Ralph  W.  Pope,  the 
Secretary,  called  the  meeting  to  order  and  said  : 

I  received  a  letter  of  regret  from  President  Weston  to-day 
saying  that  he  would  be  unable  to  be  present  with  us  this  even- 
ing, and  trusting  that  we  would  have  a  pleasant  and  successful 
evening,  of  which  there  is  no  doubt.  It  will  be  incumbent  upon 
you  to  appoint  a  chairman  for  the  evening,  and  I  am  ready  to 
receive  nominations. 

On  motion  of  Mr.  T.  C.  Martin,  Captain  O.  E.  Michaelis  was 
chosen  Chairman.     Captain  Michaelis,  on  taking  the  chair,  said  : 

Gentlemen  :  I  am  very  much  obliged  to  you  for  this  mark  of 
your  kindness.  At  this  first  meeting  of  the  Institute  for  the 
current  working  year,  we  may  especially  congratulate  ourselves 
upon  having  papers  presented  to  us  in  such  a  very  desirable 
form.  We  have  here  an  opportunity  for  properly  illustrating 
papers,  and  I  am  sure  we  are  all  very  thankful  indeed  to  the  offi- 
cers of  the  College  who  have  extended  these  facilities  to  us.  As 
is  our  custom,  there  will  be  no  business  transacted  this  evening 
except  the  reading  of  the  papers  and  the  discussion  thereupon. 
The  first  paper  of  the  evening  is  on  "The  Geyer-Bristol  Meter 
for  Direct  and  Alternating  Currents,"  which  the  author  will  read. 
It  is  needless  for  me  to  introduce  this  gentleman  to  you.  He  is 
a  graduate  of  this  institution,  and  for  the  past  twenty  years  has 
been  pupil  and  coadjutor  of  Professor  Morton  of  the  Stevens  In- 
stitute. 

Professor  Geyer  then  read  the  following  papeji^,,,,  by  Google 


THE    GEYER-BRISTOL  METER  *  FOR    DIRECT  AND 
ALTERNATING  CURRENTS. 


BY  PROFESSOR  WILLIAM  B.    OEYER. 


In  the  meter  about  to  be  described  we  make  use  of  the  heating 
effect  of  the  current.  Electric  measuring  instruments  depending 
on  this  heat  effect  are  not  new.  In  the  Cardew  voltmeter  we 
have  an  application  which  hajs  found  much  favor.  Here  the  cur- 
rent of  greater  or  less  strength  traverses  a  long,  thin  wire,  heats 
it  more  or  less,  and  the  direct  expansion  is  a  measure  of  the  cur- 
rent, and  indirectly  of  electromotive  force. 

In  an  ammeter  it  is  necessary  to  keep  down  its  resistance,  and 
I  therefore  doubt  whether  direct  expansion  can  be  usefully  ap- 
plied for  this  purpose;  for  the  actual  elongation  of  a  bar  of  metal 
even  when  raised  through  a  considerable  range  of  temperature  is 
very  small. 

In  the  familiar  compound  bar  we  have  a  case  where  a  very 
small  actual  elongation  produces  a  relatively  ygtj  great  lateral 
displacement. 

I  think  I  shall  best  be  able  to  explain  to  you  our  meter,  by  re- 
calling to  yom*  minds  this  old  device.  In  tiie  simplest  compound 
bar,  two  strips  of  metal  which  have  different  co-efficients  of  ex- 
pansion are  securely  soldered  flat-wise  along  their  entire  length. 
Brass  and  steel  are  metals  frequently  taken.  On  heating,  the 
brass  expands  more  than  the  steel,  and  in  consequence  the  bar 
bends,  becoming  convex  on  the  side  of  the  brass.  When  such  a 
bar  is  heated  by  the  passage  of  the  electric  current,  it  will  deflect, 
and  this  deflection  may  be  made  a  measure  of  the  current.  The 
disadvantage  of  such  an  instrument  would  be  that  atmospheric 
changes  of  temperature  would  also  cause  deflection,  so  that 
troublesome  corrections  would  have  to  be  introduced. 

In  our  meter  we  also  use  a  sort  of  compound  bar,  but  eliminate 
at  once  the  effect  of  surrounding  temperature  by  taking  metals 
whose  co-efficients  of  expansion  are  the  same  or  sensibly 
equal;  in  fact  we  take  the  same  metal.  Our  first  form  of  con- 
struction was  as  follows  :  A  wire  of  german  silver  is  laid  upon 
a  strip  of  german  silver  of  considerably  greater  crossnsection  and 
radiating  surface.    The  wire  and  strip  are  soldered  together  at 
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one  end;  separated  for  the  remainder  of  the  length  by  a  film  of 
mica,  then  tied  together  at  frequent  intervals  with  silk  or  other  in- 
sulating material,  and  suitably  supported  or  clamped  at  the  un- 
soldered end.  If  now  a  cnirrent,  either  continuous  or  alternating, 
is  allowed  to  enter  the  strip  at  one  end,  it  runs  along  its  length, 
there  enters  the  wire,  and  leaves  the  instrument  from  the  other 
end  of  the  wire. 

For  a  given  current  in  the  wire,  on  account  of  its  greater  resis- 
tance and  also  on  account  of  its  smaller  radiating  surface,  the 
wire  becomes  hotter  than  the  strip.  In  consequence  of  the  differ- 
ence of  expansion,  the  bar  bends,  becoming  convex  on  the  side  of 


the  smaller  conductor.     This  combination  we  call  a  differential 
bar. 

We  would  also  state  that  inasmuch  as  the  results  obtained  by 
the  use  of  this  instrument  are  due  to  the  excess  of  the  heating 
effect  of  an  electric  current  upon  one  portion  of  the  bar  or  its 
equivalent  over  the  other,  it  is  in  a  measure  immaterial  to  the 
principle  of  the  invention  whether  the  current  which  produces 
the  differences  in  temperature  be  caused  to  heat  the  two  parts 
directly  or  indirectly.  For  example,  the  more  expansible  part,  in 
lien  of  being  included  directly  in  the  circuit  may  be  arranged  ii^ 
close  proximity  to,  but  insulated  from,  a  wire  or  conductor  which 


4  THE  GBTSB^BRiaTOL  MBTSB 

IB  heated  by  the  current.  The  other  part  or  element  may  be  in 
the  circuit  or  not ;  but  in  either  case  formed  or  arranged  to  be  leea 
sensibly  heated  than  the  other.  • 

It  will  readily  be  seen,  however,  that  to  heat  one  or  both  of 
the  parts  of  the  device  in  this  manner  would  be  clearly  equiva- 
lent to  connecting  them  both  in  series  in  an  electric  circuit. 
Unlike  the  case  where  magnetic  action  is  employed,  the  force 
here  available  is  very  considerable,  so  that  to  make  the  instru- 
ment self-recording  it  is  only  necessary  to  attach  an  inking  device 
to  the  free  end  and  move  in  front  of  it  a  properly  ruled  chart. 
In  this  respect  we  have  no  difficulty  .whatever.  My  associate. 
Professor  Bristol,  who  has  done  the  larger  part  of  the  work,  has 
since  our  first  experiments  very  much  simplified  the  method  of 
constructing  the  differential  bar,  and  the  one  used  in  the  instru- 
ment exhibited  was  made  by  placing  a  flat  strip  of  german  silver 
between  a  pair  of  dies  which  make  alternate  depressions  and  ele- 
vations along  the  length  of  the  bar ;  the  wire,  insulated  with  as- 
bestos was  then  slipped  into  the  tube-like  space  thus  formed,  and 
the  whole  pressed  between  plates  provided  with  grooves  of  the 
proper  depth,  so  as  to  leave  the  wire  to  one  side  of  the  centre 
line  and  at  the  same  time  to  insure  its  being  held  firmly  by  the 
little  bridges  along  the  length  of  the  bar.  Since  the  bars  can  be 
constructed  essentially  by  these  two  machine  operations  it  is  evi- 
dent that  they  may  be  readily  reproduced  and  at  a  very  small 
cost. 

We  have  determined  experimentally  the  best  relation  between 
the  cross-section  of  the  strip  and  wire  to  give  maximum  deflection. 
We  believe  the  instrument  could  readily  be  made  integrating 
but  doubt  the  desirabilitity  of  doing  so.  Our  reason  for  this 
could  probably  not  be  better  expressed  than  in  the  words  of  an 
eminent  engineer,  Mr.  Charles  E.  Emery,  in  his  paper  on  "Heat- 
ing Cities  by  Steam,"  before  the  Franklin  Institute,  which  we 
quote  as  follows  : — 

"It  was  at  first  considered  unfortunate  that  a  reliable  meter 
could  not  be  obtained,  which,  like  a  water  meter,  would  show  by 
differences  of  reading  the  quantity  of  steam  used  for  the  interval 
between  observations  directly  without  calculation,  and  without 
expense  of  maintaining  a  time  register  at  each  location,  and  of  in- 
tegrating the  charts  afterward.  This  system,  however,  proved  a 
blessing  in  disguise.  The  greatest  difficulty  in  settling  with  con- 
sumers lies  in  the  fact  that  employes  waste  the  steam.  This  is 
particularly  the  case  during  the  heating  season,  when  ftteam  for 
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Tarioufi  uses  is  left  on  continuously  (luring  nights  and  Sundays, 
thus  increasing  the  time  of  consumption  from,  say,  60  hours  a 
week  to  168  hours.  In  many  cases,  too,  the  rate  of  consumption 
keeps  uniform  during  the  night  as  well  as  during  the  day,  so  that 
it  is  an  easy  matter  to  more  than  double  the  bills.  The  consu- 
mers at  first  naturally  lay  the  blame  to  the  steam  of  the  com- 
pany, but  the  meter  charts  have  been  the  means  of  enabhng 
the  company  to  satisfy  consumers,  when,  and  to  what  extent,  the 
increased  bills  were  due  to  mismanagement  on  their  premises.'' 
Substitute  electricity  for  steam,  the  reasoning  will  apply  per- 
fectly to  our  case. 
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Figure  1  is  a  geneml  view  of  the  differential  bar,  mounted  in 
a  case  with  inker  and  recording  dial. 

Figure  2  is  a  side  view  of  the  important  parts,  the  case  being 
removed. 

A.  Supporting  framework. 

B.  Differential  bar. 

c.  Inking  pointer  attached  to  bar. 

D.  Clockwork  moving  dial. 

E.  Kevolving  dial  for  receiving  record. 

Figure  3  shows  a  small  portion  of  the  bar  and  a  cross-section 
on  an  enlarged  scale.  Digitized  by  dOOglC 
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Professor  G^yer  then  explained  the  practical  operation  of  the 
meter  as  follows  : 

I  will  just  for  a  moment  call  your  attention  to  the  instrument. 
You  will  see  it  has  been  recording  for  the  time  you  have  been 
here.  By  the  kindness  of  the  authorities  here,  I  have  been  fur- 
nished with  current  as  you  see  which  here  supplies  a  rack  of 
lamps,  and  as  I  turn  the  lamps  off  and  on,  you  can  notice  that  the 
pointer  gradually  goes  down  or  up,  leaving  its  record.  The 
pointer  does  not  respond  instantly  to  changes  of  current,  but,  as 
in  actual  use  this  record  is  spread  over  days,  and  in  fact  probably 
over  weeks  and  months,  this,  I  think,  would  not  be  a  serious  in- 
convenience. The  clock  that  we  have  here  at  present,  causes  that 
dial  to  rotate  once  in  twelve  hours.  Of  course  we  might  have  a 
clock  rotating  faster  or  more  slowly.  If  it  had  been  convenient,  I 
should  have  gotten  one  where  the  dial  moved  much  more  rapidly. 


Discussion. 

The  Chairman  : — Q-entlemen,  I  am  sure  we  are  all  very  grate- 
ful to  the  Professor  for  his  clear  and  able  exposition,  and  I  now 
declare  the  subject  open  for  discussion.  The  gentlemen  present 
understand  that  the  discussion  is  not  limited  to  the  members  of 
the  Institute,  but  we  would  be  very  glad  to  hear  from  any  of  our 
friends  who  are  with  us  this  evening. 

Professor  Alfred  M.  Mayer  : — I  ask  one  question  merely  to 
elucidate  farther  what  T  have  heard,  that  is  as  to  the  linear  quan- 
tity or  distance  that  the  axis  of  bar  and  wire  are  separated. 

Professor  Geyer  : — I  have  not  estimated  or  tried  to  measure 
exactly  what  that  distance  is.  Our  idea  is  to  bring  the  wire  of 
course  very  close  to  the  centre  line  of  the  strip,  but  of  course  not 
coinciding  with  it.  I  have  several  bars  here  finished,  which  the 
gentlemen  are  at  liberty  to  examine. 

Dr.  Schuyler  S.  Wheeler: — I  would  like  to  ask  Prof.  Geyer 
the  effect  of  changes  of  atmospheric  temperature  on   the  meter. 

Professor  Geyer  : — We  have  experimentally  tried  to  find  out 
whether  atmospheric  changes  of  temperature  did  aflfect  it,  by 
taking  it  in  the  winter  time  from  an  ordinary  heated  room  into  a 
hall-way  or  passage-way  where  the  temperature  was  below  freez- 
ing, and  then  passed  the  same  current  (as  indicated  by  another 
instrmnent  througli  it,  without  being  able  to  detect  any  diflference 
in  the  reading.  It  is  the  diflEerence  of  the  temperature  in  the 
two  bars,  which  counts,  not  the  actual  temperature  of  either  one. 

Mr.  Francis  B.  Crocker  : — I   would  like   to  ask  Professor 
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Gtejer  if  the  moisture  in  the  atmosphere  has  any  effect. 
The  same  question  arises  in  regard  to  the  Cardew  volt- 
meter and  I  have  never  heard  it  answered.  On  a  moist  day 
for  example,  the  wire  would  lose  its  heat  more  quickly  than  it 
does  on  a  very  dry  day.  In  other  words,  would  not  the  differ- 
ence in  temperature  be  greater  on  a  dry  day,  than  on  a  wet  day  ? 

Professor  Geybr  : — On  that  point  we  have  not  made  any 
experiments.  I  should  judge  from  general  principles,  as  it  is 
simply  the  difference  of  temperature  between  the  two  bars  that 
the  case  would  be  analogous  to  the  case  that  I  mentioned  before, 
of  putting  the  instroment  into  the  warm  room  and  then  into  the 
cold  room ;  the  moisture  in  the  atmosphere  if  it  has  any  effect, 
being  simply  equivalent  to  increased  heat  or  increased  cold  around 
the  instrument.     I  should  imagine  the  results  would  be  negative. 

Mr.  Carl  Herino: — I  would  like  to  ask  whether  it  would 
make  any  difference  with  this  instrument  whether  the  current 
were  direct  or  alternating. 

Professor  Geybr; — It  would  make  no  difference  whether 
the  current  were  direct  or  alternating.  What  we  measure  is  the 
heating  effect  of  the  current.  We  say  an  alternating  current  is 
equal  to  a  continuous  current  for  all  practical  purposes  when  it 
produces  the  same  heating  effect. 

In  answer  to  a  question  by  Dr.  Vander  Weyde,  Professor 
Geyer  said : 

The  instrument,  as  shown  here,  is  intended  only  as  an  am- 
meter, although  we  believe  a  volt-meter  can  be  made.  In  this 
case  it  is  necessary  to  introduce  very  high  resistance,  and  we 
think  we  can  accomplish  this  by  using  a  very  fine  wire,  bent 
backward  and  forward  a  great  number  of  times,  and  then  lay 
that  as  a  flat  disc  upon  the  other  strip.  I  found  the  latter  would 
be  heated  by  its  proximity  to  the  heated  wire,  but  there  would 
be  no  diflSculty  of  course  in  passing  the  current  through  this 
strip  in  addition  to  passing  it  through  the  wire. 

Dr.  Vander  Weyde  : — The  objection  to  using  the  principle 
of  expansion  by  heat  as  a  volt-meter  is  that  currents  of  a  very 
small  number  of  amperes  have  no  heating  effect. 

Professor  Geyer:  The  question  as  to  how  many  volts  a 
Cardew  volt-meter  will  indicate  is  to  my  mind  simply  a  question 
of  proper  adjustment  of  parts.  Thus,  for  instance,  at  the  Stevens 
Institute  we  had  occasion  last  summer  to  measure  directly  the 
electromotive   force    of   a  Westinghonse  alternating  machine. 
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We  wanted  to  meaBure,  if  poBsible,  directly ;  without  any  multi- 
plying devices;  say  from  10  to  500  volte,  we  therefore  con- 
structed a  volt-meter  sufficiently  long — ^in  fact  it  was  two  stories 
high,  and  we  had  no  difficulty  whatever  in  getting  very  large 
deflections  for  10  volts— that  is  as  low  as  we  cared  to  go,  and  we 
made  our  pointer  go  around  nine  times  for  500  volts.  To  make 
no  mistake  in  counting  the  nine  turns  we  had  a  secondary  dial, 
which  as  on  a  common  clock  rotated  one  division  for  each  revolu- 
tion of  the  other  dial. 

Mr..  C.  O.  Mailloux  : — ^I  would  like  to  ask  Professor  Geyer 
what  is  the  rule,  or  law,  or  function,  of  the  deflection  of  the 
strip  with  the  rate  of  current. 

Pbofbssor  Geybb  : — in  some  respects  it  may  be  unfortunate 
that  the  deflections  are  not  proportional  to  the  currents.  It 
would  hardly  be  expected.  As  we  all  know  the  heating  effect 
varies  as  the  square  of  the  current,  so  if  I  double  my  current  1 
have  four  times  the  heat  produced,  but  then  the  bars  will  lose 
their  heat  much  more  rapidly  when  they  are  at  a  higher  temper- 
ature. The  deflections  are  not  then  as  the  square  of  the  current, 
but  as  some  intermediate  function.     I  have  plotted  out  some 
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curves,  and  if  I  had  thought  of  it,  I  might  have  drawn  them  on 
the  board.  I  have  not  a  curve  here,  but  I  might  represent  it, 
making  a  guess  at  it.  Let  the  abscissee  (referring  to  a  sketch, 
Fig.  4)  represent  amperes,  and  let  the  elevation  represent  deflec- 
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tioDB.  If  there  were  no  increased  loss  of  beat  due  to  increased 
radiation  from  increased  temperature,  then  of  course  our  curve 
wonld  be  one  rising  quite  steeply  up  that  way  as  O  6^,  (illustrat- 
ing), and  of  course  if  the  deflections  are  proportional  to  the  cur- 
rent ;  our  curve  would  be  a  straight  line  as  O  <?.  As  a  matter  of 
fact  it  is  a  curve  between  this  straight  line  and  this  curve  which 
rises  as  steeply  as  the  amount  of  heat  due  to  the  C*  R  law  would 
require,  and  is  represented  in  the  figure  by  O  J. 

In  reply  to  a  question  put  by  Mr.  Wolcott,  Professor  Q^yer 
continued : 

The  circles  drawn  on  this  card  are  ampere  circles.  Gentle- 
men can  see  from  noting  the  relative  distance  of  these  concentric 
circles  what  the  rate  of  increase  is  for  increased  current.  You 
will  at  once  notice  at  the  outside  of  the  disc  the  distance  be^eeu 
two  concentric  curves  is  greater  there,  that  the  instrument  grows 
more  and  more  sensitive  as  the  amount  of  current  on  it  is  in> 
creased. 

Mb.  Crookbb  : — I  would  like  to  ask  Prof.  Geyer  one  question^ 
which  I  think  has  an  important  bearing  on  all  meters,  that 
is  the  amount  of  current  consumed  compared  with  the 
amount  of  current  that  is  measured — ^that  is  to  say  the 
efficiency  of  the  meter.  I  think  these  meters  working  by  the 
heat  produced — for  example  Professor  Forbes's  meter,  and  to  & 
certain  extent  the  Cardew  volt-meter  consume  rather  a  large 
quantity  of  current  in  proportion  to  the  current  that  they  meas- 
ure. For  example,  when  ten  lamps  are  in  circuit,  using,  say  ten 
amperes — I  would  like  to  ask  Prof.  Geyer  what  the  drop  over  the 
meter  would  be  in  volts. 

Pbofessob  Gbyeb  : — I  agree  with  the  gentleman  that  the  ques- 
tion of  resistance  is  a  very  important  one  indeed,  and  we  have 
aimed  to  keep  the  resistance  of  the  ammeter  low.  The  resis 
tance  of  the  bars  which  are  there  exliibited,  is  about  .06  of  an 
ohm.  We  believe  it  could  be  brought  much  lower,  possibly  by 
selecting  other  metals.  Probably  the  length  of  the  bar  might 
also  be  much  shortened.  When  I  tell  yon  the  resistance  of  the 
instrument  is  so  much,  you  can  calculate  at  once  for  any  given 
current  what  the  loss  of  energy  is  in  the  meter,  compared  with 
the  consumption  of  energy  in  the  lamps. 

Db,  Whbbleb: — ^What  is  the  ampere  capacity  of  that  .06  ohm 
strip? 

Pbofesbob  Geybb  : — ^That  strip  will  carry  currents  up 
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amperes  and  possibly  greater.  We  have  not  urged  it  beyond 
that  point. 

Db,  Vander  Weydb  : — Yon  can  make  them  to  any  capacity,  of 
course. 

Pbofessob  Geyer  : — They  can  be  made  to  any  capacity  by 
making  the  cross  section  of  the  pieces  greater. 

Dr.  Vander  Wetde  : — I  confess  that  the  low  resistance  is  a 
great  advantage  in  your  arrangement. 

Professor  Geyer: — In  the  Cardew  instrument  of  course 
great  resistance  is  not  an  objection.  It  has  always,  to  my  mind, 
been  one  objection  to  the  Forbes  meter,  that  it  consumes  rela- 
tively a  large  amount  of  energy.  He  uses  a  very  small  propor- 
tion of  the  heat  produced  to  operate  a  little  wind-mill.  We 
might  be  said  to  use  the  whole  heat  produced. 

Mr.  Townsend  Woloott  : — ^With  regard  to  the  voltmeter  which 
was  drawn  on  the  board,  the  reason  I  asked  the  question  was  because 
it  would  require  considerable  length  of  wire,  and  I  should  judge 
the  self-induction  would  be  very  high.  That  seems  to  be  the 
trouble  with  using  a  straight  wire. 

Professor  Geyer: — ^I  think  if  the  wire  was  laid  zigzag 
the  self  induction  would  for  that  very  cause  be  eliminated. 

The  Chairman  : — ^Is  there  any  further  discussion,  gentlemen  'i 
I  see  we  have  with  us  this  evening  our  friend  Dr.  Moses,  and  I 
am  sure  we  should  all  be  pleased  to  hear  from  him  in  regard  to 
this  very  interesting  subject. 

Dr.  Otto  A.  Moses  : — I  regret  to  say,  gentlemen,  that  I  came 
late  this  evening.  The  subject  is  a  very  interesting  one.  There 
are  one  or  two  questions  that  may  be  a  little  at  random,  but  they 
are  simply  through  ignorance,  not  having  heard  the  earlier  part 
of  Professor  Geyer's  lecture.  Is  there  any  superior  advantage  in 
having  different  radiating  areas  of  the  same  metal  over  different 
radiating  areas  of  different  metals  ? 

Pkofessor  Geyer: — The  great  point  is  that  we  have  two 
metals  whose  coefficients  of  expansion  are  equal,  so  that  simple 
atmospheric  changes  shall  not  cause  the  bar  to  deflect.  If  then 
you  select  two  different  metals,  which,  however,  have  the  same 
coefficient  of  expansion,  it  will  not  alter  the  action  of  the  instru- 
ment. The  object  of  getting  more  radiating  surface  is  to  get  a 
greater  difference  of  temperature  between  the  one  conductor  and 
the  other  conductor. 

Dr.  Moses  : — One  farther  question.     Do  you  believe  i 
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sible  to  keep  the  surface  at  the  same  equal  degree  of  polish,  and 
in  that  way  to  be  able  to  get  equal  ratios  of  radiation  ?  Take 
german  silver ;  the  oxidation  that  will  take  place  upon  it  from 
the  increased  radiating  area  of  one  side  may  in  that  way  affect  its 
accuracy  after  a  while,  may  it  not  ? 

Pbofessob  Geyer: — I  think  it  would  affect  the  rate  of  varia- 
tion to  a  slight  extent.  We  propose  to  use  such  a  cross-section 
that  the  wire  shall  never  lose  its  polish  from  simple  heat  gene- 
rated in  it.  It  would  thus  only  lose  its  degree  of  polish  gradually 
if  subjected  to  severe  treatment  from  without,  say  strong  acid 
fumes.  Ordinary  atmospheric  changes  do  not  seriously  affect 
german  silver. 

Db.  Moses  : — In  the  case  of  alternating  currents,  have  you 
considered  the  electric  density,  so  to  say,  of  the  conducting  body 
in  relation  to  the  differences  of  areas.  That  is  a  question  that 
has  recently  been  brought  forward.  Have  you  had  time  since  its 
suggestion  to  look  into  the  matter  ? 

Pbofessob  Geyeb  :-^I  must  confess  my  ignorance  and  ask  the 
Doctor  to  explain  what  he  means  by  electric  density.  Then  per- 
haps I  shall  be  able  to  answer. 

Db.  Moses  : — I  mean  by  that,  the  fact  that  in  conductors  of 
different  areas  of  cross-section  there  have  been  found  to  be  cer^ 
tain  parts,  that,  by  counter  electromotive  force  set  up  within  the 
body  of  the  conductor  itself,  have  been  found  to  be  like  the  cen- 
tral part  of  rods  in  mechanical  strains,  they  do  not  have 
the  same  ratio  of  conductivity  owing  to  the  sudden  alterations  of 
the  current,  the  current  not  seeming  to  be  able  to  permeate  as  it 
were  to  the  centre.  This  difference  in  area  might  in  some  way 
or  other  affect  the  amount  of  current  that  would  paas  over  the 
conductor  wire  and  surface  and  in  that  way  somewhat  effect  the 
heat  radiation. 

Pbofessob  Geyer  : — I  thank  the  Doctor  for  his  clear  explana- 
tion. I  can  only  answer  it  as  far  as  this — that  I  have  lit  up 
lamps  with  a  continuous  current  and  noted  the  deflection  of  the 
instrument,  then  heated  them  up  to  the  same  degree  of  bright- 
ness as  measured  on  the  photometer  and  noticed  the  deflection 
when  they  were  lighted  by  an  alternating  current  of  16,000  alter- 
nations per  minute  and  could  notice  no  difference  in  deflections. 

The  Chaibman  :— The  Chair  hears  no  further  remarks  and  we 
wiU  therefore  proceed  to  the  next  subject. 

We    are  fortunate  in  having  with  us  this   evening , a  distinp 
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guished  gentleman  from  abroad,  a  prominent  mathematician,  a  well 
known  contributor  to  that  peerless  European  technical  journal  La 
Lmni^re  Electrique,  and  a  gentleman  who  has  an  important  offi- 
cial connection  with  the  electrical  department  of  the  forthcoming 
Paris  exhibition.  He  will  exhibit  to  ns  one  of  his  own  many  in- 
ventions, an  invention  that  I  know  will  engage  the  breathless  at- 
tention of  a  New  York  audience  because  I  may  call  it  in  the  ver- 
nacular an  apparatus  for  dispensing  with  ^^cranks." 

I  have  the  pleasure  of  introducing  to  you  Mr.  Abdank  of  Paris. 

Mb.  Abdakk  : — ^Mr.  Chairman  and  gentlemen  ;  before  I  begin 
I  must  crave  an  indulgence.  I  am  only  a  beginner  in  knowledge 
of  the  English  language,  and  my  vocabulary  has  only  a  few 
words  and  it  is  the  first  time  that  I  have  spoken  in  public  in  your 
language. 

Mr.  Abdank  then  read  the  following  paper  : 
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Permit  me  to  speak  first  of  a  small  improvement  in  magnetic 
calls.  The  instrument  that  you  see  here,  figures  1  and  2,  was 
constructed  as  long  ago  as  1882,  when  calls  for  telephones  were 
wanted  everyw^here.  The  principle  of  this  caU  is  extremely 
simple.  For  producing  electromotive  force  we  are  obliged  to 
move  a  coil  through  a  magnetic  field.  I  fix  my  coil  at  the  end  of 
&  straight  spring,  the  other  end  of  which  is  solidly  held  by  the 
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support.  On  the  same  support  are  fixed  two  magnets  that  create 
the  magnetic  field.  If  I  move  the  bobbin  from  its  neutral  posi- 
tion, thus  bending  the  spring,  I  am  storing  up  the  muscular 
energy  of  my  hand  in  the  spring.  If  I  remove  my  hand  this 
energy  is  restored  in  a  series  of  oscillations  of  the  bobbin  through 
the  lines  of  force.  In  this  way  an  oscillatory  current  is  produced 
in  the  closed  conductor,  and  the  mechanical  energy  reappeacf^ra 
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the  other  side  in  the  form  of  the  movements  of  the  bell  striker. 
I  have  made  similar  calls  of  different  sizes,  beginning  with  half 
*he  size  of  this  one  (about  four  inches),  up  to  others  where  the 
diameter  of  the  bell  was  three  or  four  feet.  As  the  electromotive 
force  developed  is  very  high  the  working  distance  is  very  great. 
This  small  one  can  ring  a  bell  to  a  distance  of  over  100  miles 
over  an  ordinary  telegraph  wire.  We  have  tried  successfully 
larger  calls  on  lines  over  600  miles. 

The  apparatus  is  an  old  one,  and  I  give  the  short  description 
of  it  only  as  an  introduction  to  some  theoretical  remarks  on  its 
working.  In  this  country,  calls  approaching  to  mine,  based  on 
the  synchronous  movement,  were  patented  by  Andrews  and  Wat- 
son. Mr.  E.  Meylen  has  lately  madfe  measurements  in  my  laborar 
tory,  for  the  purpose  of  finding  tbe  curve  of  electromotive  forces 
produced  by  the  passage  of  the  coil  across  the  magnetic  field,  and 
this  is  the  subject  of  my  communication  to-night. 

If  we  admit  that  the  instrument  is  symmetrically  constructed, 
and  that  the  magnetic  fields  are  equal  in  strength,  then  the  curve 
of  induced  electromotive  forces  must  have  a  regular  shape.  We 
neglect  also  the  retarding  influence  of  eddy  currents  induced  in 
the  iron  core. 

We  must  have  the  greatest  electromotive  force  in  the  middle, 
where  the  ratio  of  variation  of  the  quantity  of  lines  of  force  ift 
the  greatest. 

The  curve  obtained  by  direct  measurement  was  very  different 
in  shape,  being  as  shown  in  figure  2. 
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This  curve  presents  two  remarkable  features.  First,  we  see  a 
depression  in  the  middle,  where,  theoretically,  the  electromotive 
force  ought  to  be  a  maximum.  The  reason  of  this  is  to  be  found 
in  the  defective  form  of  the  iron  core  in  the  armature.  The 
diagram  figure  3  and  the  curves  in  figure  4  will  clearly  explain 
this. 

This  defect  in  the  construction  has  a  very  bad  influence  on  the 
the  result,  the  greatest  and  most  useful  electromotive  force  being 
lost,  as  shown  in  the  dotted  line,  figure  2,  and  the  same  defect 
was  often  f oxmd  by  me  in  different  alternating  current  d; 
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The  second  characteristic  feature  of  the  curve  is  in  the  shifting 
of  its  ordinates  in  the  direction  of  the  movement  of  the  arma- 
tnre.  Beginning  from  the  starting  point  the  curve  is  convex, 
and  near  to  the  other  end,  concave  in  relation  to  the  middle  or- 
dinaW 
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When  the  armature  moves  backward  the  same  deformation 
was  remarked,  but  iji  opposite  direction. 

The  electromotive  force  produced  was  always  somewhat  behind 
the  time  in  which  it  ought  to  have  been  produced.  We  supposed 
at  first  that  this  was  due  to  the  retardation  in  the  indication  of 
the  electrometer  used  for  the  measurement,  but  we  found  by  dif- 
ferent controlling  methods  that  this  was  not  the  case,  and  that 
this  retardation  is  probably  due  to  the  action  of  eddy  currents  in- 
duced in  the  armature  core.  As  you  see,  the  maximum  points  of 
the  curve  are  not  symmetrically  placed.  This  proves  that  the 
magnets  did  not  possess  the  same  strength  of  magnetic  field. 

The  method  used  for  the  measurement  of  the  ordinates  of  these 
curves  was  very  simple. 

The  variation  of  the  magnetic  field  in  the  path  of  the  armature 
was  also  found  experimentally,  and  then  controlled  by  direct  in- 
tegration of  the  curve  of  electromotive  force. 

The  ballistic  method  was  used  for  the  measurement.  This 
method  allows  of  the  measurement  of  the  variation  of  the  quan- 
tity of  lines  of  force  independent  of  the  time.  The  total 
variation  of  the  magnetic  flux  was  f oand  to  be : 

2'<?i^=5.1  +  107(C.  G  S.) 
The  mean  current  was  0.021  ampere.    The  mean  power  was  0.26 
watt. 

The  curve  of  the  variation  of  the  magnetic  field  can  be  found 
directly  from  the  curve  of  b.  m,  f.,  as  before  alluded  toy  CjOOgle 
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Every  ordinate  of  the  curve  of  b.  m.  f.  is  proportional  to  the 
ratio  of  the  variation  of  the  number  of  lines  of  force. 

dF 

It  is  equal  to  the  differential  coefficient 

d  X 

Let  us  consider  the  four  curves  in  their  relation.  Every  or- 
dinate, for  instance,  a,  b,  figure  4,  is  proportional  to  the  ratio  of 
variation  in  the  corresponding  point  of  the  second  curve.    This 

dy 
ratio  is  measured  by  the  ratio  —  where  d  x  represents  time.    The 

dx 

ordinate  a,  b,  in  a  given  scale,  is  equal  to  the  nmnerical  value  of 
the  differential  coefficient.  Every  ordinate  of  the  curve  b.  m.  f. 
represents  a  differential  coefficient  of  the  corresponding  part  of  the 
magnetic  curve.  The  magnetic  curve  is  simply  the  integral  of  the 
E.  M.  F.  It  is  obvious  that  if  the  equation  of  the  e.  m.  f.  were 
given,  it  would  be  possible  to  find  the  magnetic  curve  by  in- 
tegrating this  equation. 

This  integration  can  be  performed  mechanically  by  an  in- 
tegrating machine.  There  is  one  of  these  machines  constructed 
in  Zurich,  by  the  celebrated  constructor,  Coradi.  To  perform 
the  integration  it  is  sufficient  to  follow  with  the  tracing  point  the 
given  curve.  The  integral  curve  is  then  mechanically  traced  by 
the  instrument.  (M.  Abdank  here  exhibited  his  integraph  and 
explained  its  action.)  The  integration  of  differential  equations  is 
a  problem  that  we  meet  continually  in  the  physical  sciences. 
We  perform  an  integration  in  determining  the  area  of  a  given 
figure  ;  ako  in  determining  the  static  moments  and  the  moments 
of  inertia,  in  calculating  the  shape  of  the  elastic  curve. 

The  planimeter,  as  you  know,  gives  mechanically  the  area  and 
the  moments.  The  instrument  that  you  see  before  you  gives 
much  more.  It  traces  a  curve  that  indicates  how  the  integral 
increases.  The  curve  is  the  integral  curve,  the  applications  of 
which  are  extremely  numerous.  You  have  seen  one  of  these  ap 
plications  for  the  determination  of  the  magnetic  curve. 

I  am  glad  to  have  had  the  opportunity  to  present  it  to  this 
electrical  society,  and,  as  it  were,  smuggle  into  your  presence  a 
mathematical  instrument  under  the  cover  of  an  electrical  appli- 
cation. And  I  do  so  because  the  apparatus  interests  me  person- 
ally, being  myself  the  inventor  of  it. 

I  must  also  crave  your  pardon  for  having  addressed  you  in 
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English,  of  which  language  I  am  not  at  all  a  complete  master, 
and  I  am  ashamed,  because  that  lack  of  knowledge  is  entirely 
contrary  to  my  principles.  I  am  of  the  opinion  that  every  elec- 
trician ought  to  be  able  to  speak  English.  He  cannot  be  a  good 
electrician  without  being  a  complete  master  of  that  language. 
Without  an  intimate  acquaintance  with  the  works  of  Faraday,  he 
is  not  able  to  draw  conclusions  in  a  simple  and  logical  manner 
from  experiments.  He  cannot,  without  being  in  direct  com- 
munication with  the  legion  of  workers  in  electricity  who  speak 
the  English  language  and  who  have  advanced  electricity  in  this 
country  to  a  point  where  it  is  50  years  ahead  of  that  in  Europe, 
I  say,  that  without  knowing  it  intimately,  he  cannot  keep  track 
of  what  can  be  done  with  that  power  of  nature  which  we  iare  all 
attempting  to  harness. 


DISCUSSION. 

The  Chairman  : — I  think  we  will  all  agree  that  Mr.  Abdank 
speaks  English  well  enough  to  have  given  us  a  great  deal  of  in- 
formation in  a  very  brief  time.  The  subject  is  now  open  for  dis- 
cussion, and  as  we  have  with  us  a  number  of  distinguished  col- 
lege professors,  I  would  advise  that  these  gentlemen  be  requested 
to  open  the  discussion.  Will  Professor  Geyer  favor  us  with  any 
remarks? 

Professor  Geyer  : — I  would  say  that  the  Chairman  has  made 
it  difficult  for  any  one  to  reply,  for  he  has  called  the  gentleman 
distinguished  and  it  looks  very  egotistic  to  get  up  first. 

The  Chairman: — The  gentleman  was  called  upon  by  name. 
He  is  relieved  from  the  charge  of  immodesty  in  that  respect. 

Professor  Geyer  : — I  would  just  like  to  ask  one  question,  in 
reference  to  one  of  the  experiments  the  picture  of  which  is  on  the 
middle  blackboard,  the  current  being  an  instantaneous  current, 
whether  it  was  attempted  to  make  any  corrections  for  the  self-in- 
duction of  the  galvanometer  coil.  As  I  understand  it,  the  cur- 
rent was  just  a  momentary  current. 

Mb.  Abdank  : — The  current  was  momentary  relative  to  the 
period  of  oscillation  of  the  needle. 

Professor  Geyer: — ^What  I  meant  was  whether  the  current 
really  had  time  to  develop  its  strength  as  to  its  electromotive 
force. 

Mr.  A^ank: — The  difference  would  be  sm^l.^.^^^^yQQQole 
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Pbofbssob  Geyek  : — I  was  more  particularly  interested  in  the 
subject  because  I  had  somewhat  analogous  experiments  made 
under  my  direction  when  it  was  attempted  to  measure  the 
electromotive  force  of  an  alternating  machine  where  the  altema^ 
tions  took  place  at  the  rate  of  16,000  a  minute  and  it  was  there 
done  by  causing  the  condenser  to  be  charged  and  then  at  your 
pleasure  discharging  it  also  through  a  ballistic  galvanometer. 

Mr.  Woloott  : — Having  been  for  some  time  interested  in  the 
study  of  integrating  machines  of  various  kinds  and  having  in- 
vented some  myself  I  can  say  that  I  never  have  seen  anything 
which  will  approach  this  instrument  which  Mr.  Abdank  has  shown 
us.  The  ordinary  type  of  integrating  machine  which  Mr.  Ab- 
dank has  spoken  of  will  simply  giv^  a  jreading  at  the  end  of  a 
given  time — simply  a  single  reading  of  the  integral.  We  are  all 
familiar,  that  is  all  who  have  given  any  study  to  the  subject,  with 
the  apparatus  of  Professor  James  Thomson,  Sir  William 
Thomson's  brother,  which  will  integrate  any  expression  involv- 
ing a  single  variable.  This  apparatus,  or  rather  a  combination  of 
several  of  them,  will  also  integrate  differential  equations ;  but  I 
never  heard  of  any  apparatus  like  this  one  we  have  seen  to-night, 
which  will  trace  out  an  integral  curve,  the  ordinates  of  which  are 
integrals  of  the  ordinates  of  the  other  curve,  and  I  would  be  very 
much  obliged  to  Mr.  Abdank  if  he  could  give  us  the  principle  of 
this  machine.     Has  he  any  printed  description  of  it  ? 

Mb.  Abdank  : — I  am  writing  out  a  description  of  the  appa- 
ratus for  a  paper,  and  perhaps  that  will  answer  the  gentleman's 
purpose.    It  will  be  published  shortly. 

Mb.  Carl  Hebing  : — I  would  like  to  say,  in  behalf  of  Mr.  Ab- 
dank, that  one  of  the  features  of  that  instrument  besides  tracing 
the  integral  curve  is  that  it  can  be  used  for  solving  numerical 
equations  which,  I  understand,  cannot  be  solved  algebraically — 
equations  of  a  high  degree,  4:th,  5th  and  6th  degree.  The  instru- 
ment will  tiace  out  a  curve,  the  dimensions  of  which  will  give  the 
values  of  equations  of  high  degrees,  2d,  3d,  4th,  5th,  6th,  and  so 
on. 

Mb.  Woloott  : — Does  that  give  all  the  real  roots  in  one  curve  t 

Mb.  Abdank  : — Yes. 

Pbofkssob  Mayeb  : — If  the  machine  will  do  that  it  is  a  mar- 
vellous production  of  ingenuity  and  science.  Charles  Babbage, 
of  England,  gave  his  whole  life  to  making  a  calculating  engine. 
After  he  had  perfected  his  difference  engine,  and  the  British 
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govenmient  would  not  supply  him  with  means  of  bringing  it 
out,  he  invented  an  analytical  engine,  of  which  you  will  find  a 
description  by  the  only  daughter  of  Lord  Byron,  Lady  Lovelace, 
which  machine  did  just  what  this  does.  The  construction  of  it 
would  be  so  difficult  that  Babbage  had  not  the  means  of  bringing 
it  out.  If  a  machine  so  simple  in  its  construction  will  do  that,  I 
can  see  that  it  is  the  most  marvellous  production  of  this  age.  I 
would  like  very  much  to  understand  it.  Of  course  I  only  see  it 
there,  and  I  know  nothing  of  the  principle  of  it. 

The  Chairman  : — I  understand,   Mr.  Abdank,  to  put  it  in ' 
plain  language,  for  instance  in  solving  any  equation  of  the  second 
degree,  the  instrument  would  describe  a  conic  section,  and  so  on, 
the  cissoids  and  higher  curves  according  to  the  nature  of  the 
equation. 

Mb.  Abdank  : — Yes.  (The  speaker  put  an  equation  on  the 
black-board).  We  have  first  the  equation  of  the  first  degree 
which  represents  a  straight  line.  Then  I  perform  successive  in- 
tegrations (integration  with  the  instrument).  The  first  curve 
would  be  a  parabola,  and  repeating  that  several  times  I  arrive  at 
a  curve  that  will  represent  the  first  equation,  and  then  1  have  all 
that  I  want  by  the  intersection  of  that  curve  with  the  axis  of  ab- 
scissa. I  have  here  in  my  book  the  solution  of  one  of  these  equa- 
tions and  the  solution  of  the  equation  of  3d  degree  only.  (The 
speaker  copied  upon  the  black-board  the  equation  from  his  book). 
With  respect  to  the  calculating  machine  of  General  Babbage — ^I 
know  that  machine  very  well.  My  instrument  acts  in  a  different 
way.  The  machine  of  General  Babbage  is  only  an  arithmetical 
machine.     It  has  nothing  to  do  with  differentials. 

Mr.  Woloott  : — There  is  one  more  question  I  would  like  to 
ask  Mr.  Abdank.  As  has  been  said  there  are  plenty  of  machines 
for  performing  integrations  with  respect  to  a  single  variable.  So 
far  as  I  know  there  has  never  been  a  double  integration ;  that  is 
one  int^ration  with  respect  to  two  independent  variables,  per- 
formed by  mechanical  means.     I  do  not  see  how  it  is  possible. 

Mr.  Abdank  : — ^It  is  possible  in  special  cases. 

The  Chairman  : — Is  there  any  farther  discussion  t  If  not  we 
will  proceed  to  the  next  paper  on  the  programme  for  which  we 
are  also  indebted  to  Mr.  Abdank,  but  a  description  of  it  will  be 
given  by  our  fellow  member  Mr.  Carl  Hering,  of  Philadelphia. 
As  I  understand  it,  it  is  a  combined  electrical  and  musical  sten- 
ographic recorder  and  type-writer.    (Laughter.)  .  .  . 
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Mb.  Hering  : — Mr.  Abdank  thinks  he  does  not  speak  English 
well  enough  to  describe  this  apparatus.  I  believe  you  will  all 
agree  with  me  that  he  speaks  English  very  well  and  it  would  be 
much  better  for  him  to  describe  it.  The  apparatus  I  will  de- 
scribe are  the  melograph  and  the  melotrope.  The  melograph  is 
an  apparatus  for  recording  what  has  been  played  on  the  piano, 
and  the  melotrope  is  an  instrument  for  reproducing  this  music 
from  the  record  made  by  the  melograph.  The  melograph  con- 
sists of  a  system  of  contact  points  or  keys  which  are  fastened 
under  the  key  board  of  a  piano  and  are  so  arranged  that  when  a 
key  is  depressed,  the  contact  is  closed  ;  these  keys  are  then  con- 
nected to  an  instrument  like  the  ordinary  Morse  ink  recorder,  so 
that  when  each  key  is  depressed  a  mark  will  be  made  on  a  strip 
of  paper  corresponding  in  position  to  the  position  of  the  note  on 
the  piano,  and  as  each  note  is  represented  by  a  key  and  by  cor- 
responding recording  apparatus  each  note  will,  on  being  played, 
be  recorded  on  a  strip  of  white  paper  like  this,  in  the  form  of  a 
dark  line,  which  perhaps  you  can  see.  This  paper  is  therefore  a 
record  of  the  notes  that  have  been  played  by  the  player.  It  not 
only  records  the  notes  that  were  played,  but  the  length  of  the  line 
records  the  time  during  which  that  note  has  been  held,  so  that  it 
is  not  only  a  record  of  the  note  itself,  but  of  the  time  of  the  note. 
This  record  is  then  passed  through  an  intermediate  apparatus 
called  a  perforator,  the  object  of  which  is  to  perforate  a  piece  of 
stiff  paper  with  rectangular  perforations  corresponding  to  these 
lines  of  the  melograph  record.  This  is  done  by  means  of  an 
electric  apparatus  which  consists  of  a  little  square  punch  which 
travels  up  and  down  very  rapidly.  It  is  driven  by  an  electric 
motor.  I  understand  the  lines  on  this  paper  are  first  run  over 
with  a  puncturing  pin.  Then  this  paper  is  passed  over  a  series 
of  contacts.  Wherever  the  paper  is  punctured,  connection  will 
be  made,  which  connection  wiU  work  this  little  punch  at  a  place 
corresponding  exactly  to  the  place  of  this  line  on  this  record.  In 
other  words,  this  record  on  stiff  paper  is  an  exact  counterpart  of 
the  other  only  that  it  is  perforated  with  smooth  rectangular  holes, 
whereas  this  is  originally  'merely  a  written  record.  This 
record  is  then  ready  for  the  melotrope — ^the  reproducing 
apparatus.  This  melotrope  is  merely  mechanical  in  its  action. 
It  would  be  rather  diflScult  to  explain  it  without  models, 
but  I  will  try  to  give  a  short  description  of  the  essential 
parts   of  it.    The  idea  of  the  inventor  in   designing  tUf  l(je- 


DI80U88ION.  .     %l 

producing  apparatus  was  to  imitate  as  nearly  as  possible  the 
motion  of  the  finger.  In  ordinary  mechanical  piano  players,  the 
keys  are  merely  depressed  by  a  force  which  is  constant,  and  in 
short,  the  whole  apparatus  is  very  mechanical  in  its  action;  but  in 
this  case  the  inventor  has  tried  to  imitate  the  motion  of  the 
finger;  in  other  words  he  has  tried  to  depress  the  keys  softly, 
gently  or  with  considerable  force,  to  hold  them  down  a  longer  or 
shorter  time.  Now  this  is  accomplished  in  the  melotrope,  which 
is  the  apparatus  Mr.  Abdank  will  exhibit,  by  means  of  a  long 
roller  which  extends  over  the  length  of  the  key  board  to  be 
played  upon.  This  roller  has  cut  into  it  a  number  of  grooves,  the 
sides  of  which  are  slightly  inclined.  In  this  case  the  instrument 
is  arranged  for  three  octaves.  There  are  37  notes  to  be  played. 
There  are  therefore  37  of  these  grooves.  This  roller  (exhibiting 
a  model)  is  being  turned  constantly  in  one  direction  and  when  that 
string  is  tightened  it  will  pull  this  finger  down.  This  finger  rests 
on  the  keys,  so  that  whenever  this  string  is  tightened  this  finger 
wiU  be  pressed  down.  The  tightening  of  this  string  is  performed 
by  a  mechanism  which  I  will  not  attempt  to  explain  now.  It  will 
suffice  here  to  say  that  it  is  a  little  wedge  which  is  run  into  this 
groove.  The  little  wedge  is  actuated  by  levers  which  run  over 
the  paper.  Wherever  they  come  opposite  to  a  hole,  this  little 
lever  passes  through  the  hole.  In  passing  through  the  hole  that 
end  of  the  lever  makes  a  motion  which  is  transmitted  to  this  little 
wedge.  The  wedge  is  pressed  into  this  groove.  That  tightens 
the  spring  and  pulls  down  the  hammer.  So  that  wherever  there 
is  a  bole  in  this  record  the  corresponding  wedge  will  be  pushed 
into  the  corresponding  groove  which  will  tighten  that  string  and 
will  press  down  the  key  and  will  hold  the  key  down  as  long  as 
there  is  the  hole  in  this  paper.  I  am  told  by  a  pianist  that  the 
pressure  exercised  by  the  finger  in  playing  is  sometimes  as 
much  as  five  pounds,  so  that  these  little  fingers  must  come 
down  each  with  a  force  of  five  pounds,  and  I  understand  that 
they  can  come  down  with  greater  force  than  that,  because 
this  apparatus  can  play  even  louder  than  a  person  can  play.  I 
might  add  that  the  apparatus  does  not  automatically  produce 
pi(mo  9xAf(yrtis9i'nio  eflEects.  Wherever  j^a/i<9  should  be  played 
and  wherever  fartissimo  should  be  played,  it  is  written  on  the 
music,  and  the  eflfects  oi  piano  and  fortismno  are  produced  by  a 
little  lever  on  the  side  of  the  instrument.  This  little  lever  does 
nothing  more  than  run  these  wedges  toward  the  roller  op  from  it. 
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If  it  moves  them  toward  the  roller,  it  ifi  evident  that  l^e  fott» 
with  which  this  would  be  moved  down  would  be  much  greater. 
K  they  are  pulled  away,  the  force  with  which  this  comes  down 
is  much  less.  This  apparatus  is  only  a  model  so  that  you  will 
notice  the  want  of  a  full  bass.  It  can  just  as  well  be  constracted 
for  seven  octaves. 

Db.  Yandeb  Weyde  : — How  does  the  electricity  act  on  that 
written  paper  ? 

Mb.  Hebing  : — It  is  punctured  with  a  puncturing  pin.  It  is 
necessary  to  go  over  this  by  hand. 

Db.  Yandeb  Wetde  : — ^It  is  just  ajs  easy  to  punch  those  holes 
mechanically  as  to  puncture  them  by  hand. 

Mb.  Hebing  : — It  is  necessary  to  go  over  this  by  hand  for  this 
reason :  Every  player,  however  expert,  will  touch  notes  that  he 
ought  not  to  touch.  They  will  all  be  recorded  by  this  apparatus 
and  it  is  necessary  to  have  some  one  go  over  and  erase  those 
notes. 

Db.  Yandeb  Weydb  : — I  beg  your  pardon,  good  players  will 
not  touch  notes  which  they  ought  not  to  touch. 

Mr.  Abdank  then  played  on  his  instrument  the  overture  from 
Carmen  and  afterwards  the  Boulanger  March. 

Mb.  Hebing  : — There  is  something  about  this  which  will  in- 
terest those  of  you  who  are  musicians ;  you  all  understand  that 
the  notes  are  represented  by  certain  positions  on  this  paper. 
Therefore  if  you  reverse  this  paper  and  pass  it  through  the  ap- 
paratus the  wrong  way  the  notes  would  be  entirely  different.  A 
note  which  is  three  spaces  above  would  then  be  tiiree  spaces  be- 
low. The  effect  is  rather  curious.  We  will  try  it  first  and 
discuss  it  afterwards.  The  piece  is  the  Minuet  from  Don  Juan. 
It  will  be  played  first  the  right  way. 

Mr.  Abdank  then  played  the  Minuet  from  Don  Juan  and 
afterwards  played  it  by  reversing  the  paper. 

Db.  Yandeb  Weyde  : — ^Now  play  it  backwards. 

Mb.  Hfbing  : — ^It  will  sound  like  Chinese  music  played  back- 
wards. As  just  played — simply  reversed — ^it  was  in  minor,  while 
it  originally  was  in  major,  but  the  chords  were  perfectly  correct. 

Mr.  Abdank  then  played  the  piece  backwards;  he  also  played 
a  piece  improvised  especially  for  the  melotrope.  The  improvi- 
sation was  written  in  his  labratory,  and  converted  in  one  hour 
after  he  played  it  into  the  form  ready  for  the  melotrope. 

The  Chaibman  : — Grentlemen,  the  subject  ig||^9J^^yO|^^^l^^ 
cusfiioiu 
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Db  M08E8  : — Would  Mr.  Abdank  be  so  kind  as  to  reverse  the 
last  piece  ?  My  object  in  asking  is  to  see  whether  the  reversal  of 
a  piece  cannot  be  the  most  accurate  criticism  of  its  correctness. 
It  is  a  most  interesting  fact  that  music  reversed  in  that  way  will 
produce  a  pleasant  impression  upon  the  ear.  There  is  an  analo- 
gous fact  which  may  bring  some  light  to  bear  upon  this  point. 
If  you  take  a  piece  of  paper  and  write  simultaneously  with  both 
hands  in  opposite  directions,  then  reverse  the  one  that  looks 
written  backwards  and  look  at  both,  holding  the  objects  between 
the  eye  and  the  light  so  that  the  two  writings  will  seem  to  be 
then  in  the  same  direction,  you  will  find  that  they  are  written  by 
the  same  hand.  Now  the  reversal  of  music  indicates  correct- 
ness of  the  thought  and  the  harmony  in  the  first  direction.  And 
it  may  be  possible,  in  that  way  to  discover  an  accurate  method  of 
criticising  the  correctness  of  harmonies,  or  in  other  words  what 
should  be  heard.  There  is  some  music  which  takes  a  very  con- 
siderable musical  education  to  appreciate.  If  that  music  w^hen 
reversed  becomes  harmonious,  then  it  is  worth  being  heard,  per- 
haps. 

Mb.  Mailloux: — I  understand  that  Mr.  Abdank  is  a  very 
modest  person,  and  he  tells  us  that  he  is  not  a  performer  on  the 
piano,  but  I  am  told  that  he  is  something  of  a  composer  and  that 
he  has  written  pieces  of  more  than  passing  interest.  I  should  like 
to  have  him  favor  us  with  some  of  his  own  selections. 

Mb.  Abdank  : — It  is  my  namesake — another  Abdank  who  is  a 
composer. 

The  Chaibman  : — I  am  sure  we  would  all  be  delighted  to  hear 
Mr.  Abdank,  but  I  think  it  would  be  well  to  defer  that  pleasure 
to  a  future  occasion.  We  still  have  something  to  do.  We  are 
here  on  the  invitation  of  the  authorities  of  the  college,  and  Pro- 
fessor Doremus,  in  whose  particular  department  we  are  now  has 
tlirown  open  the  laboratories  to  our  inspection.  Perhaps  it  might 
be  well  for  us  to  avail  ourselves  of  this  opportunity  and  show  our 
appreciation  of  the  kindness  extended  to  us  by  visiting  the  labor- 
atories, physical  and  chemical,  before  we  adjourn  finally  to-night. 

Db.  Wheeler  : — I  move  a  vote  of  thanks  of  the  Institute  to 
iMr.  Abdank  and  of  congratulations  upon  his  intelligent  Eng- 
lish. 

Mb.  T.  C.  Mabtin  : — In  seconding  that  motion  I  should  like  to 
say  that  it  was  our  intention  to  have  relieved  Mr.  Abdank  from 
the  labor  to  which  we  have  put  him  at  the  piano,  but  we  began 
a  little  too  late,  and  we  found  that  to  apply  the  electric  motcM^ftlc 
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would  involve  a  reduction  of  about  20  to  1,  the  melotrope  going 
at  about  a  rate  of  80  or  90  revolutions  and  the  motor  at  the  rate 
1,800  or  2,000. 

I  think  also  our  thanks  are  due  to  him  not  merely  for  the  fact 
that  he  has  given  us  such  charming  music  but  because  also  he  has 
performed  a  feat  which  I  believed  to  be  beyond  anybody's  capa- 
city. He  has  actually  succeeded  in  compelling  high  science  pro- 
fessors to  discuss  a  common  electric  bell.  That  I  believed  to  be 
almost  beyond  the  range  of  possibility.  I  would  like  to  say  that 
Mr.  Abdank  has  taken  great  pains  in  preparing  himself  for  this 
evening  and  I  can  assure  you  that  the  work  he  has  undertaken 
has  been  gone  through  by  him  with  the  utmost  pleasure  and  I 
second  the  vote  of  thanks  to  him  therefore  most  hea?  tily. 

The  Chaibman  : — The  Chair  thinks  that  it  is  eminently  proper 
that  a  vote  of  thanks  should  be  extended  to  our  guests,  for  while 
it  is  not  the  custom  to  thank  our  own  members  for  the  pleasure 
and  instruction  given  us — ^we  deem  that  in  a  measure  a  sort  of 
duty  on  their  part  if  they  have  leisure  and  inclination — but  for  a 
stranger  who  comes  here  I  think  it  is  proper  that  we  should 
thank  him  in  this  formal  manner. 

The  motion  was  carried. 

Mk.  Mailloux  : — I  move  that  the  Institute  tender  a  vote  of 
thanks  to  General  Webb,  president  of  the  College  of  the  City  of 
New  York,  for  entertaining  the  Institute  this  evening,  and  also 
to  Professor  Doremus. 

The  motion  was  seconded. 

Tha  Chairman  : — You  have  heard  the  motion.  I  presume  it 
is  hardly  necessary-  for  me  to  put  it.  The  Chair  will  announce 
its  unanimous  passage  unless  he  hears  a  voice  to  the  contrary. 
I  have  an  announcement  to  make,  which  I  make  with  very  great 
pleasure  indeed.  We  have  had,  I  was  going  to  say,  a  nibble, 
but  I  will  say  a  very  large  bite  at  this  most  interesting  subject 
of  meters,  and  I  announce  that  at  our  next  meeting,  which  will 
be  held  on  the  18th  of  December,  and,  through  the  courtesy  of 
General  Webb  and  Professor  Compton  and  Professor  Doremus, 
here  at  the  college  where  we  will  have  the  same  facilities  that 
we  had  to-night  for  the  experimental  illustration  of  the  subject, 
a  paper  will  be  read  by  Mr.  W.  J.  Jenks,  a  member  of  the  Insti- 
tute, and  present  director  of  the  Edison  Standardizing  Bureau. 
His  subject  will  be  "  Six  Years  Practical  Experience  with  the 
Edison  Chemical  Meter." 
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Special  Meeting. 

The  twenty-ninth  meeting  of  tlie  Institute  was  held  at  the  Col- 
lege of  the  City  of  New  York,  17  Lexington  Avenue,  on  Tuesday, 
December  18th,  1888.  The  meeting  was  called  to  order  by  the 
Secretary,  who  said  : — 

Gentlemen  : — The  subject  before  you  this  evening  is  a  paper  by 
Mr.  W.  J.  Jenks,  Member,  Director  of  tlie  Edison  Standardizing 
Bureau,  on  "  Six  Years'  Practical  Experience  with  the  Edison 
Chemical  Meter."  Before  proceeding  with  the  business  of  the 
evening,  I  suggest  that  you  name  a  Chairman,  to  serve  during  the 
proceedings.    I  am  ready  to  receive  nominations. 

On  motion  of  Mr.  Howell,  Mr.  George  M.  Phelps  was  chosen 
Chairman. 

Mr.  Jenks  then  read  the  following  paper : 
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BY    W.    J.    JKNKH. 


''  Measure  for  measure  "  has  ever  been  the  underlying  prin- 
ciple of  the  trade  of  the  world.  The  mess  of  pottage  for  which 
Esau  bartered  his  birthright  was  as  truly  in  his  eyes  a  recom- 
pense for  the  distinction  and  the  patrimony  with  which  he  parted, 
as  the  property  and  the  necessaries  of  life  which  we  acquire  are 
in  our  view  an  equivalent  for  the  gold  and  silver  which  we  pass 
from  hand  to  hand  in  every-day  exchange. 

If  we  start  out  in  life  with  the  notion,  so  fondly  cherished 
some  time  or  other  by  every  human  heart,  of  getting  something 
for  nothing,  we  shall  speedily  realize  the  truth  of  what  somebody 
has  happily  expressed  in  verse : — 

The  motto  of  the  world  is  *'  give  and  take," 
It  gives  you  favors,  out  of  sheer  good  will  ; 

But  unless  speedy  recompense  vou  make. 
You'll  find  yourself  presented  with  its  bill. 

We  are  not  in  business  matters  long  contented  with  any  system 
of  guess-work  as  to  what  the  amount  of  this  bill  ought  to  be. 
Where  values  cannot  be  measured,  we  demand  averages  based 
upon  long  experience.  Where  it  is  possible  to  measure  goods 
delivered,  the  ingenuity  of  man  is  untiring  until  some  means  is 
found  adapted  to  the  uses  of  all  the  traders  of  the  world.  It  is 
only  so  far  as  we  can  draw  from  nature's  limitless  supply  of 
necessaries  and  blessings  "without  money  and  without  price" 
that  we  fail  to  find  in  these  days  a  meter  check  upon  our  con- 
sumption. As  long  as  people  live  in  civilized  communities,  water 
and  artificial  light  will  represent  somebody's  labor,  and  as  they 
come  to  be  more  and  more  generally  used,  they  must  be  more 
and  more  accurately  measured. 

Perhaps  it  lifts  never  occurred  to  many  of  us  that  about  the  only 
system  of  measurement  that  has  ever  quite  satisfied  mankind  is 
the  method  or  device  by  which  we  reckon  the  passage  of  time, 
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which  doesn't  cost  anything.  We  look  with  suspicion  on  the 
scales  of  the  butcher,  and  we  don't  believe  the  milkman's  quart 
is  more  than  two  thirds  as  large  as  it  was  years  ago,  though  the 
price  has  advanced  several  per  cent.  When  we  buy  dry  goods 
we  speculate  on  whether  it  isn't  best  to  redetermine  the  length 
of  a  pendulum  that  will  beat  seconds  at  the  level  of  the  sea,  or 
establish  a  new  yard  on  the  metric  basis,  after  we  measure  the 
distance  from  the  equator  to  the  poles  again.  We  know  by  the 
ticking  of  the  water-meter  that  it  is  away  off  any  standard,  and 
last  and  oftenest  we  anathemize  the  gas  meter  and  the  man  that 
reads  it  as  being  alike  unsanctiiied. 

Now  the  electric  current  meter  is  a  baby  yet,  but  it  is  very 
likely  to  be  considered  by  the  great  majority  of  mankind  as  a 
direct  descendant  of  the  gas  meter — "  a  chip  of  the  old  block." 
Unfortunately  we  cannot  record  directly  the  light  or  power  really 
delivered  from  any  source,  and  an  approximation  to  such  a  record 
through  the  measurement  of  the  quantity  of  energy  supplied,  is 
our  only  practical  alternative.  The  method  which  we  shall  ex- 
amine to-night,  is  thus  far  the  only  commercially  successful  means 
of  measuring  the  energy  delivered  to  electric  lamps  or  motors. 
It  is  doubtless  the  first-born  of  a  large  family  which  will  share  in 
the  stigma  which  the  tribe  of  meters  of  all  kinds  have  always 
borne.  To  show  how  'far  the  stigma  is  in  this  case  undeserved, 
and  how  much  more  accurately  we  can  measure  the  mysterious 
intangible  something,  which  we  only  know  as  a  manifestation  of 
energy  and  which  we  call  electricity,  tlian  we  can  the  palpable 
forms  of  matter  which  are  apparent  to  all  the  senses,  is  the  pur- 
pose of  this  paper. 

In  the  approximation  which  we  make  to  the  measurement 
of  the  light,  heat  or  power  secured  from  gas,  we  have  three 
variables :  quality  of  gas,  rate  of  flow,  and  form  of  burner  or 
method  of  consumption.  In  electrical  work  we  eliminate  at  once 
the  first  and  perhaps  the  most  uncertain  of  these  variable  factors, 
for  there  is  no  difference,  so  far  as  we  can  discover,  in  the  quality 
or  commercial  value  of  electrical  energy  from  different  sources, 
unless  we  change  the  method  or  the  rate  of  its  delivery  (as,  for 
instance,  send  it  out  in  intermittent  or  alternating  impulses). 

So  in  order  to  arrive  at  a  price  at  which  we  may  profitably  sell 
light  or  power,  we  must  know  the  electrical  horse-power  de- 
manded by  the  translating  device  for  a  given  result,  that  is  the  effi- 
ciency of  the  lamp  or  motor  and  the  energy  actually  delivered,  dur- 
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ing  the  time  of  consumption.  The  work  done  or  heat  generated, 
whicli  bears  a  definite  relation  (in  a  given  type  of  lamp  or  motor) 
to  the  light  or  power  produced,  is  expressed  in  three  factors — pres- 
sure, current  flow,  and  time,  and  the  product  of  these  joules  or 
units  of  work  accomplished  in  a  given  period,  is  what  we  desire  to 
measure.  In  the  Edison  system  the  light  of  the  lamp  and  the 
speed  of  the  motor  are  based  upon  the  supply  at  their  terminals 
of  a  constant  pressure,  and  as  the  Edison  meter  is  in  its  relation 
to  the  resistance  of  the  circuit  practically  at  the  lamp  or  the  mo- 
tor, it  may  for  all  commercial  purposes  be  regarded  as  always 
acted  upon  by  the  constant  standard  of  e.  m.  f.  applied  to  the  de- 
vice which  transforms  the  electricity  to  the  useful  energy  of  light 
or  motion*  Hence  we  really  make  this  a  joule  meter,  even  while 
we  drop  the  pressure  which  is  a  constant,  and  make  it  a  measurer 
of  current  and  time,  or  a  coulomb  meter.  Its  construction  is 
based  upon  the  fact  that  a  given  ampere  flow  will  deposit  a  given 
weight  of  metal  per  second,  and  so  knowing  the  weight  of  zinc 
deposited  on  a  plate,  it  is  easy  to  calculate  the  number  of  am- 
pere seconds.  In  practice  we  take  the  hourly  deposit  (1224  milli- 
gmmmes  of  zinc  by  one  ampere),  and  knowing  the  fraction  of  an 
ampere  re(^uired  for  the  standard  lamp,  we  can  readily  arrive  at 
the  lamp  hours  for  which  the  customer  should  be  charged.  It  is 
now  becoming  common  to  charge  so  much  for  an  ampere  hour, 
and  sometimes  the  price  is  the  same  whether  supplied  to  lamps 
or  motors,  which  are  thus  often  included  within  the  registration 
of  one  meter. 

It  is  in  a  comprehensive  system  of  house-to-house  supply,  where 
every  unit  of  light  or  power  is  made  separately  controllable,  that 
tlie  necessity  for  such  a  meter  appears  most  vital. 

The  records  of  the  patent  oflices  of  almost  all  the  civilized 
countries  of  the  world  bear  witness  to  the  fact  that  the  method 
of  connecting  lamps,  motors  or  similar  translating  devices  in  mul- 
tiple are  (the  only  commercial  method  of  attaining  this  individual 
current  control  of  current  actuated  by  safe  potentials)  was  original 
with  Mr.  Edison.  But  beyond  this  there  is  no  question  that  we 
owe  to  him  the  first  comprehensive  conception  of  that  form  of 
nmltiple  arc  distribution  which  by  combining  a  low  resistance 
armature,  a  feeder  system  of  transmission,  and  a  high  resistance 
lamp  and  motor,  has  made  it  possible  for  us  to  secure  at  all  lamps 
and  motors  a  marvellously  close  approximation  to  uniformity  of 
i)ressure,  and  the  expenditure  of  the  largest  economicc'il  nereen 
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tage  of  the  initial  pressure  in  overcoming  the  resistance  of  the 
carbon  filament,  or  the  counter  electromotive  force  of  the  motor 
armature,  and  thereby  producing  the  greatest  amount  of  useful 
work. 

To  Mr.  Edison's  view  each  detail  of  such  a  complete  system 
appeared  full  of  importance,  and  so  we  find  him,  almost  before 
he  had  a  commercial  lamp,  working  on  a  meter  by  which  each 
customer's  consumption  could  be  accurately  determined,  and 
which  could  be  placed  on  his  premises  and  inspected  at  such  in- 
tervals as  experience  had  shown  were  reasonable  in  the  supply  of 
the  other  measurable  quantities,  gas  and  water.  He  foresaw  that 
it  must  not  only  be  accurate,  but  cheap  and  durable.  In  his  study 
of  the  subject  he  applied  several  principles  of  motion  and  regis- 
tration, tried  a  great  number  of  experiments  with  each,  and 
secured  several  patents.     Among  them  are  the  following : 


Fimdarnental  electric  motor  meter, — Patent  242,901.  Ap- 
plication filed  Marcli  3d,  1881.  Fig.  1  shows  an  old  example  of 
a  large  class  of  meter  inventions  in  which  some  kind  of  an  elec- 
tric motor  driven  either  by  part  or  all  of  the  current  to  be 


Fig.  1. 
measured,  is  employed  to  overcome  a  fluid  friction,  but  the  claims 
cover  broadly  the  combination  of  a  circuit,  motor,  fan,  or  other 
definite  loading  and  registering  apparatus. 

Fig.  2  shows  another  form  of  electric  motor  meter.  Patent  No. 
370,123.  Applied  for  April  17th,  1883.  The  form  of  motor  used 
is  a  development  of  "  Sturgeon's  wheel,"  the  wheel  being  trans- 
formed into  a  cylinder  surrounding  one  pole  of  the  magnet,  itself 
being  surrounded  by  the  other  pole.  In  this  meter  the  indefinite 
friction  is  reduced  to  a  very  small  factor,  brushes  are  replaced  by 
mercury  contacts,  and  a  very  compact  and  simple  form  is  possible. 
Probably  if  mercury  did  not  have  such  a  chronic  inability  to 
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behave  itself  in  practical  continuous  work,  and  if  it  really  pos 
sessed  the  ideal  character  of  a  liquid  which  it  commonly  gets  cre- 
dit for,  we  should  have  seen  this  meter  put  into  practical  use  by 


Fig.  2. 
some  one  of  the  many  inventors  who  have  given  it  attention. 
This  patent  covers,  among  other  things,  the  placing  of  the  in- 
ductive portion  in  the  direct  circuit  and  the  fields  in  multiple  arc 
therewith.  A  magnet  in  the  main  circuit  closes  the  field  circuit 
whenever  the  first  lamp  is  attached,  and  stops  the  motor  when- 
ever the  current  flow  is  arrested. 


Fig.  8. 
OoH^aiiameteT  recorder, — Patent  307,030.  Application  filed  Oct. 
10th,  1883.    Fig.  3.    This  covers  broadly  a  multiple  arc  circuit,  a 
galvanometer  in  the  main  line,  a  circuit  controlled  by  the  needle, 
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electrically  operated  apparatus  in  this  circuit,  and  indicating  or 
registering  devices.  Preference  is  given  to  a  stylus  recorder,  the 
diagram  made  to  be  measured  by  a  planimeter. 

Recardmg  electro-Tnecha/iiical  vneter, — ^No.  293,435.  Applied 
for  August  14th,  1882.  Fig.  4  shows  a  pivoted  beam  oscillated 
by  electro-magnetic  coils  in  the  main  or  a  shunt  circuit,  the  rapid- 


ity of  motion  (regulated  by  air  dash  pots  of  large  surface)  being 
practically  proportional  to  the  strength  of  the  current.  The  re- 
cording mechanism  actuated  by  a  local  circuit  operated  by  mer- 
cury contacts. 

fundcmierUal  eleetrolytic  meter  patent, — ^No.  251,545.  Appli- 
cation filed  March  20th,  1880.  Fig.  5  shows  the  electrolji;ic  me- 
ter according  to  the  first  Edison  patent.  An  electro-magnetic 
cutout  is  shown  and  claimed  as  part  of  the  meter.    The  principal 


Fig.  6. 

daim  covers  the  use  of  an  electrolytic  cell  placed  in  a  shunt  cir- 
cuit, the  resistances  being  so  proportioned  that  a  definite  fraction 
of  the  current  passes  through  the  cell.  ^^.^.^^^  ^^ L-OOg Ic 
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Recording  dedrohftic  meter, — No.  304  082.  Application  filed 
August  14th,  1882.  Fig.  6.  At  the  time  of  the  Paris  Exposi- 
tion of  1881  the  Edison  meter  was  exhibited  in  the  form  of  an 
automatically  recording  apparatus,  two  electrolytic  cells  being 
used,  one  plate  of  each  suspended  from  the  beam  of  a  sensitive 
balance,  the  circuits  being  so  arranged  that  one  cell  only  is  in 
circuit  at  a  time  and  the  direction  of  current  in  that  cell  is  such 
that  the  electrolytic  action  will  throw  tlie  balance  out  of  equili- 
librium,  cause  the  beam  to  "kick''  and  by  that  action  throw  the 
current  to  the  other  cell  and  register  one  one  on  the  counter- 
Whether  this  form  was  seriously  intended  for  general  use  may 


Fig.  6. 

be  doubted,  but  it  was  very  carefully  worked  up,  several  different 
forms  patented,  and  it  attracted  a  great  deal  of  attention  and 
well  deserved  admiration  in  its  time.  Fig.  6  shows  plainly  the 
general  fonn  and  the  connections;  h  is  the  counter  operated 
electrically  by  the  motion  of  the  index  of  the  balance ;  J  is  a 
mercury  cup;  a,  dash-pot;  g  and  o'  are  reversing  commutators, 
operated  by  hand  once  a  month  to  keep  the  transfer  of  copper 
from  plate  to  plate  from  going  always  in  one  direction ;  i  is  a 
simple  electrolytic  cell  used  as  a  check.  This  is  probably  signifi- 
cant of .  the  inventor's  lack  of  faith  in  mechanical  meters,  and  is 
particularly  interesting  to  look  back  upon,  in  the  light  of  subse- 
quent progress. 

(Case  472.) 
Heoohmig  recordvtig  electrolytic  meter, — (Still  pending  in  the 
patent  oflSce.)    Fig,  7.  shows  an  interesting  modification  of  an 
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integrating  electrolytic  meter,  in  which  between  two  electrodes 
immersed  in  the  electrolyte  is  placed  a  wheel  or  cylinder  of  the 
same  metal,  free  to  revolve  on  its  axis.  It  is  apparent  that  if  the 
wheel  was  perfectly  balanced  and  delicately  poised,  the  passage 
of  a  current  would  alter  the  balance,  and  it  would  revolve  at  a 
speed  depending  almost  entirely  on  the  friction  of  its  bearings. 
But  if  it  were  first  caused  to  revolve  at  a  definite  rate  for  one- 
half  a  revolution,  the  lower  limb  moving  in  the  same  direction  as 
the  current,  there  would  be  a  deposit  and  loss  on  opposite  halves 
of  the  periphery,  causing  a  variation  of  position  of  the  centre  of 
gravity  around  the  point  of  support,  causing  the  revolution  to 


continue  at  the  same  rate  for  the  same. current  or  at  a  rate  pro- 
portional to  the  current. 

The  diagram  shows  a  dial  scale  for  reading  fractions  of  a  turn 
and  an  electric  counter  recording  complete  revolutions. 

Floatmg  electroVytic  cell, — Patent  248,565.  Application  filed 
December  15th,  1880.  Fig.  8.  shows  a  eudiometer  intended  to 
decompose  water,  collect  the  mixed  gases  in  a  bell-glass,  and  when 
a  definite  quantity  is  evolved  by  the  raising  of  the  glass  automat- 
ically cause  recomposition  (and  consequent  falling  of  the  glass) 
by  closing  a  circuit  through  a  platinum  coil  which  becomes  heated 
thereby.  This  operation  is  to  be  repeated  continuously  while  the 
current  is  passing,  a  counter  giving  a  record  of  the  number  of 
charges  of  gas  exploded.  Dig,,,,  ^y Coog Ic 
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Among  the  diflSculties  of  using  such  an  apparatus  are  the  com- 
paratively high  E.  M.  F.  required,  the  energy  wasted,  and  possibly 
like  the  nitro-glycerine  engine,  "  the  necessity  of  providing  a  new 


Fig.  8. 
machine  after  each  explosion."     A  very  similar  apparatus  has 
been  recently  proposed  as  a  laboratory  standard  for  current 
measurement. 

Automatic  temperature  regulator. — No.  251,558.  Filed 
August  30th,  1881.  This  patent,  illustrated  in  Fig.  9,  covers  im- 
portant features  of  the  Edison  meter  of  to-day.  Briefly,  these 
are  :     (1)  the  resistance  e  acting  as  a  source  of  heat  to  prevent 


freezing  of  the  liquid  in  the  bottles  ;  (2)  the  thermostat  g  com- 
pleting circuit  through  e  at  the  proper  degree  of  temperature ; 
(3)  distance  pieces  for  holding  electrodes  a  fixed  distance  apart. 
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fundamental  temperature  regulation  patent — ^No.  265,774. 
Application  filed  November  11th,  1881.  Fig.  10,  illustrates  a 
method  of  generating  heat  by  the  action  of  a  thermostat  energi- 
zing an  electro-magnet  controlling  a  valve,  which  being  opened 
permits  water  to  flow  upon  quick  lime.  This  is  one  of  the 
methods  illustrative  of  the  broad  idea  of  "  causing  a  fall  in  the 
temperature  to  set  in  action  agencies  for  generating  heat,"  and 
thus  maintaining  automatic  temperature  regulation  in  an  electro- 
lytic cell. 


Fig.  10. 
Another  method  here  described  is  the  one  now  practiced,  the 
closing  of  "  a  circuit  to  an  electric  lamp  placed  in  proximity  to 
the  cell."  On  the  same  date  of  this  application,  Mr  Edison  filed 
Patent  No.  281,352,  describing  one  of  the  most  vital  features  of 
the  practical  apparatus,  namely,  amalgamated  zinc  electrodes  in  a 
solution  of  sulphate  of  zinc.  This  overcame  the  disadvantages 
of  copper  plates,  which  had  formerly  discouraged  the  inventor. 

Compensating  coils  in  electrolytic  meters, — No.  251,557.  Ap- 
plied for  May  27th,  1881.  Fig.  11,  illustrates  certain  minor  claims 
of  details,  some  of  which  apply  to  the  Edison  meter  of  to-day, 
and  one  feature  without  which  probably  no  electrolytic  meter 
would  be  practical,  the  "  compensating  spool "  having  a  +  tem- 
perature coefficient  to  balance  the  —  coefficient  of  the  bottle  re- 
sistance.    This  patent  also  covers  the  use  of  two  cells,  depositinfir^^ 
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The  original  plan  involves,  of  course,  only  a  two-wire  meter. 
This  was  first  made  with  a  separate  resistance  for  each  bottle,  one 
of  them  being  intended  to  register  a  month's  consumption,  the 
other  three  months.  It  was  also  proposed  that  the  two  compart- 
ments have  separate  keys,  the  inspector  of  the  three  month's  bottle 
thus  having  a  private  check  on  the  three  readings  taken  in  the 
same  time  from  the  other  side.  It  was  soon  found  preferable  to 
weigh  both  sets  of  plates  together,  particularly  as  inexperience  in 
the  manipulation  gave  rise  to  errors  against  which  the  duplicate 
records  formed  a  check  of  great  usefulness.  This  duplication 
has  been  found  unnecessary  in  the  smaller  sizes. 

The  student  of  the  meter  question  may  find  intere:^ting  modifi- 


Fig.  11. 

cations  of  these  general   principles    in    patents    240,678,   and 
othere. 

These  sketches  and  the  patents  enumerated  convey  a  faint  idea 
of  the  months  of  patient  analysis,  the  multitude  of  experiments  and 
the  scores  of  models  and  drawings  which  may  be  found  described 
in  Mr.  Edison's  note  books,  many  a  page  written  by  his  own  hand, 
years  before  the  electrical  fraternity  conceived  of  the  importance 
of  these  devices  for  which  the  world  now  loudly  calls.  The 
electrolytic  principle  was  finally  determined  upon,  the  details 
perfected,  and  more  than  six  years  ago  the  first  devices  were 
placed  in  the  offices  and  stores  of  the  first  customers  of  the  Pearl 
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Street  Station  in  this  city,  the  first  station  in  the  world  to  dis- 
tribute current  for  incandescent  lamps  by  a  comprehensive  system 
of  conductors  buried  underground  like  gas  pipes.  The  experi- 
ments thus  made  were  so  exhaustive  and  thorough  in  their 
character,  that  the  meter  then  designed  is  substantially  the  one  in 
use  to-day  in  numerous  stations  throughout  the  United  States  and 


Fig.  12.    Old  form  of  two- wire  Meter. 

several  stations  in  foreign  countries.  The  Edison  company  has 
tested  every  form  of  direct  current  meter  thus  far  found  in  any 
degree  practicable  without  discussing  (as  vital)  the  question  of 
economy  either  in  first  cost  or  operation,  and  has  no  knowledge 
of  any  other  form  which  has  ])een  found  to  be  as  accurate  under 
all  wc»rking  conditions,  and  as  reliable  when  submitted  to  that 
tribunal  before  which  so  many  carefully  constructed  electrical  de- 
vices fail — the  test  of  time.  The  Edison  meter  is  also  cheap,  but 
this  is  of  less  vital  importance.  All  other  forms  appear  to 
be  commercially  impracticable.  Some  have  inherent  defects, 
caused  by  variations  of  permanent  magnetism.  Some  are  too 
large  to  be  of  any  value  for  commercial  use,  and  they  are  almost, 
without  exception,  too  costly  and  delicate  for  practical  service,  or 
too  wasteful  of  the  energy  they  demand  for  their  operation.  We 
have  abundant  evidence  of  the  justice  of  these  statements  jvheia^ 
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we  remember  that  out  of  the  large  number  thiis  far  proposed,  there 
is  not  another  which  has  come  into  anything  Hke  extended  use. 
The  record  whicli  we  can  quote  is  therefore  the  only  one  from 
which  any  conclupJons  can  be  drawn  as  to  future  practice  in  this 
direction. 

We  shall  be  better  prepared  to  appreciate  the  results  obtained 
after  glancing  at  the  distinctive  features  of  the  meter  as  at  present 
constructed. 

Fig.  12  shows  in  an  iron  case,  the  form  of  meter  placed  at  the 
time  of  starting  the  First  District  Station,  September  4,  1882. 
The  division  in  the  o.  s.  shunt  resistance  for  the  long  and  short 
period  bottles  has  given  place  to  a  method  of  connecting  both  to 
the  same  terminals.  The  flexible  connections  have  been  super- 
seded by  the  spring  clips,  and  in  the  three-wire  meters  two  slumt 
resistances  are  placed  as  in  Fig.  13. 


Pig.  13.    Three-wire  meter  open. 

Stripped  of  all  complications,  the  connections  of  these  types 
are  clearly  shown  in  the  diagram  : — Fig.  14-. 

The  meter  case  is  made  of  well-seasoned  hard  wood  specially 
prepared  to  exclude  air  and  prevent  warping,  and  to  maintain  higli 
insulation  ;  the  door  of  heavy  sheet  iron,  properly  lettered  and 
numbered.     This  is  held  closed  by  a  metallic  but^n^t^rpji^g 
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upon  a  small  post,  both  passing  through  a  vertical  opening.  Tlie 
wire  of  a  lead  seal  is  passed  through  the  button. 

The  conductors  enter  and  leave  the  meters  through  holes  in  the 
side  or  bottom,  about  two  or  three  inches  apart. 

The  thermostat  is  required  for  all  meters  situated  in  locations 
where  the  solution  is  likely  to  freeze.  It  is  furnished  as  an  extra 
attacliment  and  may  be  inserted  in  any  size  meter,  and  to  it  is 
attached  a  small  contact  point  connected  with  a  lamp  socket. 
Into  this  socket  is  screwed  a  lamp,  and  when  the  temperature  in 
the  meter  falls  below  a  certain  point,  will  cause  the  thermo  strip 
to  curve  up,  bringing  the  two  contact  points  together,  closing  a 
circuit  through  the  lamp  and  heating  the  interior  space.  As  the 
temperature  returns  to  normal  the  strip  straightens  and  the  lamp 
is  cut   out.     The  adjusting  screw   in   one  complete  revolution 


Fig.  14. 
changes  the  elevation  of  the  contact  point  one  forty-eighth  of  an 
inch,  and  being  made  with  a  six-sided  head  (numbered),  one 
sixth  of  a  turn  will  change  the  absolute  temperature  standard  of 
contact  about  two  degrees  Fahrenheit.  Thus  the  adjustment  may 
be  made  sufficiently  close. 

The  cells  are  partially  filled  with  a  ten  per  c^nt.  zinc  sulphate  solu- 
tion, no  special  effort  being  made  to  render  them  air-tight,  except 
so  far  as  to  prevent  evaporation.  In  these  the  zinc  plates  are  sup- 
ported by  ebonite  distance  pieces,  screws  and  nuts,  and  connected 
by  copper  rods  with  spring  clips  fixed  in  the  top  of  the  space. 

The  resistance  in  the  main  circuit  is  of  german  silver,  of  the 
quality  used  by  Elliot  in  his  bridges,  and  so  proportioned  as  to 
allow  1/ 975th  of  the  current  to  pass  through  the  cell  and  its 
compensating  spool. 

The  small  portion  of  current  passing  through  the  bottle  rcr 
moves  from  one  plate  and  deposits  upon  the  other  metallic  zinc,^ 
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wliich  when  its  weight  is  ascertained  determines  the  current 
transmitted. 

The  two-wire  meters,  authorized  to  be  used  witli  the  three-wire 
system  are  of  two  sizes  only,  five  and  ten  amperes  capacity, 
respectively.  Anything  larger  than  five  amperes  may  be  prefer- 
f erably  divided  to  balance  the  two  sides  and  hence  they  are  made 
of  five  amperes  each  side,  capacity  20  of  tlie  present  16  c.  p. 
lamps ;  10  amperes,  40  lamps ;  20  amperes,  *^0  lamps ;  40  am- 
peres, 160  lamps;  80  amperes,  320  lamps. 

This  will  be  made  more  clear  by  a 

Table  of  Size  and  Capacity  of  Mkteks. 


Meter  No. 

Maximum  ampere 
capacity. 

0 
1 

I 

8 
1(5 

5 
10 
10 
20 
•40 
80 
160 

2-wire  meter  for  5  amperes. 

3-wire  meter  for  5  amp.  on  eacli  side. 

In  selecting  the  proper  size  of  meters  for  certain  customers  it 
is  borne  in  mind  that  a  meter  plate  has,  like  a  storage  battery,  a 
somewhat  definite  maximum  capacity  in  ampere-hours  per  month. 
The  standard  found  most  desirable  is  150  milligrammes  deposit 
per  month  per  ampere  of  nominal  capacity. 

The  normal  capability  is  therefore  understood  to  be  restricted  to 
an  average  work  of  one  or  two  hours  per  day  at  this  maximum 
load,  which  corresponds  with  practical  work.  If  steady  work  is 
to  be  done  for  an  average  of  three  to  four  hours  daily,  the  load 
should  be  about  20  per  cent,  less;  if  from  five  to  six  hours,  about 
25  per  cent,  farther  reduction  should  be  made  to  determine  the 
proper  limit  for  a  given  plate. 

The  meter  is,  in  practice,  placed  in  all  sorts  of  positions.  The 
general  instructions  simply  provide  that  it  should  be  kept  clean 
and  dry,  inside  the  service  fusible  cut-out,  and  easy  of  access. 

The  initial  preparation  of  plates  consists  simply  in  thorough 
cleaning,  covering  the  top  and  about  an  inch  of  the  rod  with  a 
coat  of  asphalt  varnish,  amalgamating  and  drying  (threejcef^ 
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when  new),  weighing  and  tagging  of  the  pomtiye  plate,  and  pla- 
cing in  the  solution. 

When  removed  the  plate  i&  re-weighed,  and  where  two  bottles 
are  need  their  weights  are  compared  by  the  meter  man  and  his 
record  sent  to  the  book-keeper  or  snperintendent. 

The  loss  in  milligrammes  sustained  by  the  positive  plates  is 
then  multiplied  by  the  meter  constant  which  gives  the  bill  in 
dollars  and  cents.    This  constant  is  found  as  follows : 
Let  %  equal  price  of  one  standard  lamp  hour. 
C  equal  ampere  capacity  of  standard  lamp. 

Then  current  through  the  bottle  equals  ^=^ 

As  1,224  milligrammes  (of  zinc),  is  represented  by  one  ampere- 

1  224  C 
hour,  one  standard  lamp  hour  is  equivalent  to    \„f^ —  milligram- 
mes, at  the  price  %,    Hence  the  price  for  current  which  has  re- 
moved one  milligramme  of  zinc  will  be : — 

^  t  X  975 

1,224  O  equals  .  ^  equals  constant. 

976  ^'^^  ^ 

Each  consumer  has  a  meter  upon  his  own  premises,  and  his 
bill  is  made  out  and  payment  required,  upon  what  the  meter 
shows.  To  measure  the  current  by  means  of  a  meter,  and  to  do 
so  with  sufficient  exactness  to  support  a  bill,  the  payment  of 
which  was  to  be  insisted  upon,  at  first  seemed  to  many  of  the 
customers  of  our  various  companies  an  impossibility,  and  they 
accordingly  resorted  to  various  devices  for  the  purpose  of  them- 
selves testing  the  accuracy  of  the  measurements.  The  most  note- 
worthy of  these,  for  the  reason  that  it  affords  a  simple  and  effec- 
tive check,  was  to  keep  a  record  of  the  hours  each  lamp  was  in 
use,  and  by  multiplying  this  number  by  the  given  rate  of  a  six- 
teen-candle  lamp  per  hour,  to  determine  what  the  amount 
of  the  bill  ought  to  be.  There  have  been  many  instances 
where,  in  order  to  satisfy  customers  that  the  meters  were  reliable, 
we  have  taken  their  record  at  the  end  of  a  given  time,  during 
which  the  customer  has  kept  an  account  of  his  lamp  hours,  and 
have  presented  bills  upon  what  the  meters  showed,  that  the  cus- 
tomers might  check  the  amount  of  his  bill  by  this  simple  rule. 

It  has  been  argued  thatihe  Edison  chemical  meter,  in  its  best 
estate,  is  open  to  several  very  serious  objections : — 
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1.  The  necessity  of  the  expense  attending  the  reinoyal  and  re- 
placement of  the  bottles,  usually  at  monthly  intervals,  and  the 
complete  disconnecting  and  weighing  of  their  plates.  So.  far 
from  being  a  detriment,  this  is  seen  to  be  in  the  light  of  praetiee, 
a  positive  advantage.  A  gas  meter  is  adjusted  once  for  all,  and 
once  placed  is  inspected  only  at  long  intervals,  or  when  strongly 
suspected  of  inaccuracy,  while  the  Edison  meter  receives  thorough 
inspection  and  radical  readjustment  every  month.  The  soarees 
of  error  lie  almost  entirely  within  the  bottle,  ai^d  are  thus  speed- 
ily corrected. 

2.  The  necessity  of  employing  what  objectors  are  pleased  to 
term  a  ''  chemist "  as  a  meter  man.  In  the  early  history  of  any 
art,  until  the  conditions  of  practice  become  thumb  mles^  the 
manipulator  of  an  important  device  should  be  a  man  of  intel- 
ligence and  some  originality  of  ideas.  After  a  time  the  work  be- 
comes simply  a  matter  of  routine,  and  the  occasional  oversight  of 
the  manager  or  other  official  will  detect  any  irregularities.  .  Thus 
it  has  been  with  this  branch  of  our  work.  The  most  of  our  meter 
men  are  young,  and  receive  only  moderate  pay,  as  the  statement 
of  cost  of  operation  elsewhere  given,  conclusively  shows.  Ac- 
curacy and  caretaking  in  matters  of  detail  are  the  prime  require- 
ments. The  work  has  been  greatly  simplified  by  arrangements 
with  Mr.  Edison,  by  which  he  will  in  future  produce  at  his 
laboratory  electrolytic  zinc  plates,  standard  zinc  sulphate  solution 
in  carboys  (or  salt,  if  preferred),  distilled  mercury  and  four  aim- 
pie  reagents,  for  the  testing  of  water  for  solution,  by  sudi  com- 
panics  as  prefer  to  prepare  it  themselves,  as  a  matter  of  ccm- 
venience  or  economy.     These  reagents  are : — 

(1)  Ammonia  water. 

(2)  Ammonia  sulphide. 

(3)  Niti-ate  of  silver,  and 

(4)  Sulph.  cyanide  of  potash, 

a  few  drops  or  a  small  crystal  of  each,  as  the  case  may  be,  to  be 
added  to  separate  portions  of  water.  Any  meter  man  can  tb^ 
make  the  four  simple  tests,  which,  by  a  precipitate  or  by  cIoimIj 
coloration,  will  thow  the  water  to  be  unfit  for  use. 

Ordinarily,  ice  water  is  available,  and  where  this  fails,  a  simj^ 
apparatus  for  condensing  and  distilling,  costing  $25,  is  sometimei 
desirable. 

Saurces  of  error. — This  brings  us  to  the  consideration  of  the 
real  importance  of  the  sources  of  error.  Nothing  that  man  haa 
made  is  free  from  some  of  these  drawbacks  to  accuracy,  but  when 
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we  except  those  mechanical  imperfections  common  to  all  electro- 
mechanical devices,  it  is  surprising  how  few  appear,  which  play 
any  important  part  in  the  resnlt,  and  how  far  this  few  are  neu- 
tralized. In  order  to  point  the  application  of  the  few  facts  and 
diagrams  to  be  shown, 'let  us  refer  briefly  to  the  criticisms  made 
^Mithis  much-misrepresented  but  important  friend  of  the  Edison 
maiii|^|f« 
From  Aft.^glish  EleetHeia^i  of  December  16,  1887: — 
'*'  Edison  calcvteknB  the  total  consumption  of  current  by  passing 
a  known  (or  supposed  known),  fraction  of  the  total  current 
through  the  meter,  and  the  eiieq2;y  supplied  is  calculated  on  the 
assumption  that  the  difference  <rf  potential  is  constant  through* 
out  the  circuit.  This  assumption  is,  of  course,  only  approximate- 
ly correct." 

From  the  same  journal,  December  30,  1887  \ — 
"In  the  third  edition  of  Sir  David  Salomons'  work  on  the 
'Management  of  Accumulators,'  -the  author  (on  page  105),  gives 
the  following  definition  of  Edison's  meter :  '  A  thing  of  the  past, 
depending  upon  the  deposit  of  some  metal.'  We  are,  unfortun- 
ately, a  little  doubtf  al  as  to  the  immediate  accuracy  of  the  first 
part  of  this  description,  inasmuch  as  we  are  under  the  impression 
tiiftt  this  apparatus  is  still  extensively  employed  by  the  Edison 
company  of  the  United  States ;  but  in  the  light  of  the  statements 
alluded  to  above,  there  can  be  but  little  doubt  that  Sir  David's 
description  will,  sooner  or  later,  be  perfectly  accurate.  As  to  the 
'  deposit  of  some  metal,'  which  appears  at  present  somewhat  er^ 
ratio,  we  suppose  the  balance  is  made  up,  on  the  settlement  of  the 
account.  Bat  if  these  accounts  have  any  fowdation,  it  is  per- 
fectly clear  that  the  error  is  entirely  against  the  company.  As 
we  recently  had  occasion-to  remark  in  our  articles  on  the  Brighton 
installation,  the  Edison  plan,  by  which  a  fraction  only  of  the  cur- 
rent supplied  is  measurcKl,  can  be  accepted  as  little  better  than  a 
makeshift  at  the  best." 

One  more  quotation  (from  the  Electrical  Worlds  of  a  little 
more  than  a  year  ago — Oct.  22,  1887,)  of  some  remarks  made  at 
one  of  th3  meetings  of  this  Institute.  It  is  especially  desirable  to 
bear  them  in  mind,  as  an  illustratioa  of  the  idea  that  a  little 
knowledge  and  a  great  deal  of  theory  on  any  subject  is  a  danger- 
ous thing  in  the  light  of  actual  experience : — 

^^  There  has  been  already  a  great  deal  of  time  and  a  large 
amount  of  money  spent  on  electric  meters  for  direct  f^^/^JEits^ 


44  blX  TSAB8'  PRACTICAL  EXPERIENCE 

and  I  do  not  think  we  have  had  any  current  meters  of  any  value 
whatever. 

"The  electro-chemical  system,  in  use  by  a  very  prominent 
company  here,  was  put  out  with  a  great  deal  of  confidence  in 
the  results  to  be  obtained  from  it.  I  think  any  one  looking  at 
the  principles  involved  would  condemn  it  from  the  start.  Ton 
are  to  take  a  small  fraction  of  the  total  current,  and  a  very  small 
fraction  indeed,  and  pass  it  through  an  electrolytic  cell,  the  char- 
acter of  which  vaiies  from  time  to  time,  so  that  the  resistance  is 
never  fixed,  and  pass  the  bulk  of  the  cnrrent  around  a  resistance 
which  is  practically  fixed.  The  change  in  the  resistance  of  the 
metal  would  be  but  a  small  proportion  of  the  change  in  the  re- 
sistance of  the  electrolyte.  Now,  in  such  an  instance  as  that,  you 
are  measuring  a  very  small  fraction  of  the  current  passing,  and 
whatever  error  you  have,  are  multiplying  that  error  by  the  frac- 
tion. If  you  are  measuring  1-1,000  you  are  multiplying  your 
error  by  1,000.  Any  one  who  has  had  much  to  do  with  electro- 
metallurgy knows  that  the  cells  are  constantly  changing;  that  to 
keep  the  deposit  regular  and  uniform,  to  keep  the  resistance  of 
the  solution  uniform,  they  must  be  constantly  attended  to.  There 
is  not  an  electro-plater  in  the  country  who  does  not  once  in  a 
while  go  in  and  stir  up  his  baths.  Such  an  instrument  is  of  no 
real  value.  We  may,  therefore,  dismiss  those  instruments  en- 
tirely from  consideration,  1  think. 

"  If  any  one  will  take  the  record  of  the  patent  oflice  on  electric 
meters,  he  will  see  that  there  has  been  no  small  amount  of  time 
and  thought  and  money  spent  on  that  question.  Practically, 
we  are  in  the  same  position  we  were  before.  We  had  nothing 
except  the  electro-chemical  meter,  which,  as  I  say,  I  consider  en- 
tirely worthless." 

The  lack  of  information  on  this  subject  thus  illustrated,  will 
be  seen  more  clearly  by  an  analysis  of  the  possible  value  of  the 
sources  of  error. 

Oxidation. — In  the  hands  of  an  inexperienced  person  almost 
any  method  or  device,  good  and  reliable  itself,  may  be  misapplied 
so  as  to  gain  an  unenviable  reputation.  An  Edison  meter  cell 
may  be  so  manipulated  as  to  measure  almost  any  resistance  and 
vary  between  wide  limits.  A  few  practical  rules  have,  however, 
been  applied,  and  the  bugbear  which  has  so  disturbed  the  visions 
of  those  who  have  looked  at  the  matter  from  a  theoretical  stand- 
point only,  has  disappeared.     In  other  word85)ia«f^d85re  able  toO^ 
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dace  praotically  to  uotkiug  this  error,  and  it  therefore  appears  in 
the  results  only  as  a  «lightlj  disturbing  element  at  the  lower  end 
of  the  deposit  curve,  and  always  against  the  company. 

T/ie  germanreilver  shtmi. — The  extract  I  have  read  specifies 
quite  distiuetly  the  slight  error  introduced  by  the  change  of  re- 
sistance aft  the  german-silver  shunt  with  temperature  variations* 
For  each  25  degrees  Centigrade  or  45  degrees  Fahrenheit  this 
variation  is  but  1  per  cent.  Within  a  range  of  40  degrees  it  is 
0.0249  per  cent,  for  each  degree  (Fahrenheit).  A  shunt  having 
0.01  ohm.  at  60  degrees  Fahrenheit  would  be  at  -2  degrees  Fah- 
renheit 0.00984  and  100  degrees  Fahrenheit  0.01009  ohms.  The 
maximum  error  whicL  can  ever  occur  is  about  2  per  cent.,  due  to  a 
change  from  freezing,  to  120  degrees  Fahrenheit,  the  maximum 
reached  in  any  of  the  meters  at  full  load.  As  a  matter  of  prac- 
tice, meters  are  so  placed  as  to  vaiy  not  over  30  or  40  degrees,  on 
the  average,  either  from  atmospheric  changes  or  the  heating  of 
current. 

Gotmter  etectromotive  force. — Figure  15.  It  is  plain  that  the 
change  due  to  a  rise  of  current  in  the  meter  here  illustrated,  from 
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0  to  full  load  or  20  amperes,  is  0.0017  volt.  As  this  counter  b. 
K.  F.  appears  in  practice  as  a  factor  of  resistance,  its  effect  is 
shown  in  the  current  resistance  curve.  .  , 
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It  is  also  clear  that  the  error  due  to  the  rise  in  temperature 
from  0  degrees  to  20  degrees  Oentigrade  is  0.0012  volt.  This  is 
one  of  the  factors  in  the  temperature  resistance  curve,  and  is  there 
expressed  in  ohms. 

Bottle  resistan<^  and  current — The  two  errors,  increase  of 
counter  e.  m.  f.  and  consequent  rise  in  potential  difference,  and 
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decrease  of  absolute  resistance  and  consequent  drop  in  potential 
difference,  jointly  resulting  from  an  increase  of  amperes,  about 
balance  each  other,  forming  a  beautiful  compensation  which 
makes  this  curve  almost  a  straight  line.     Fig.  16. 

Temperature  compensation. — Fig.  17.  Considering  the  bottle 
resistance  by  itself,  the  fall  in  counter  e.  m.  f.  and  consequent 
rise  in  volts  with  a  rise  in  temperature,  adds  slightly  to  the  rise 
in  volts  attending  the  fall  in  resistance.  Thesie  two  factors  are 
together  opposed  by  the  influence  of  the  spool,  whose  copper 
wire  increases  in  resistance  so  as  to  make  a  perfect  compensation 
at  10^  and  30^  Centigrade  with  a  slight  bend  in  the  curve  at  in- 
termediate points. 

Rai^  of  deposit  amd  current — Fig.  18.  This  curve,  the  re- 
sult of  the  combination  of  the  sources  of  error  shown  by  the 
others  in  detail,  is  so  close  an  approximation  to  an  absolutely 
straight  line  that  it  is  difficult  to  detect  any  material  departure 


WITH  THE  EDIBON  GHBMICAL  METER. 


47 


exceptiiig^the  slight  bend  at  the  minimum  load;  Into  the  depth 
and  sharpness  of  this  bend  the  element  of  time  enters,  but  after 
paaaing  this  point  the  curve  runs  almost  absolutely  straight  to  a 
maximum  load. 

It  is  especially  noticeable  that  the  curve  begins  at  absolute  zero, 
while  with  Mr.  Edison's  early  meter  of  the  electric  motor  type, 
and  others  that  have  followed  tliis  principle,  the  theoretical  curve 
is  as  ahown  by  the. dotted  lines.  No  curves  deduced  as  are  the 
above  from  long  pr$M;tical  work  have  ever,  so  far  as  we  can  learn, 
been  formnlated  of  the  performance  of  any  other  meter. 

It  ie  proper  to  say  in  tliis  connection  that  the  percentage  of 
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error  from  these  causes  is  practically  constant  for  all  sizes  of  the 
fidison  meter. 

Some  time  ago  a  very  careful  test,  covering  five  months, 
was  made  by  the  engineering  department.  Six  Edison  meters 
were  connected  in  series  with  the  meter  of  the  Edison  Electric 
Illuminating  Company  from  the  station  by  which  the  current  is 
supplied  to  the  offices  occupied  by  the  parent  compasyy  ^^^Q|^^ 
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clofle  of  this  test  it  was  found  that  all  of  these  meters  registered 
within  14  per  cent,  of  each  other. 

An  elaborate  test  was  conducted  at  New  Brunswick,  N  J.,  by 
Mr.  W.  S.  Howell,  with  seven  meters  put  in  series  with  ten 
lamps.  The  readings  showed  a<  variation  of  only  one  and  one- 
half  cents  in  the  amount  of  the  bill  charged,  while  four  of  them 
were  alike  to  a  cent.  The  advantage  of  such  accuracy  is  mani- 
fest not  only  to  the  Illuminating  Company,  but  must  also  be  sat- 
isfactory to  the  most  exacting  customer.  One  of  our  most  expe- 
rienced and  successful  managers  testifies  that  in  the  use  of  about 
two  hundred  meters  he  found  the  poorest  record  to  be  very  dose. 
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and  sums  up  his  experience  by  declaring  that  ^^  without  the 
meter  they  would  be  swamped." 

But  the  only  real  \5riteri0n  is  that  of  practical  success. 

In  order  to  discover  what  the  practical  men  in  the  business 
think  of  the  meter,  a  circular  was  recently  addressed  to  the  26 
stations  in  the  country  now  operating  the  meter  system,  asking 
jfor  their  experience  and  opinions.  To  this  we  have  up  to  this 
time  received  23  replies.  That  you  may  judge  of  the  convictions 
which  they  express  I  will  read  the  more  important  queries,  and 
summarize  the  answers. 

Have  you  used  meters  from  the  starting  of  your  station  t 

Answers — Yes,  18 ;  No,  5.  i  \ 
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From  your  experience  what  reasons  would  you  quote  for  a 
change  from  the  contract  t(5  the  meter  system } 

All  replies  to  this  question  indicate  the  unanimity  of  the 
opinion  that  the  meter  is  far  preferable.  Some  of  the  expressions 
are  as  follows : — 

(1)  '^  There  is  no  argument  about  lamp  breakage.  It  is  square 
dealing  on  both  sides." 

(8)  **  They  are  always  superior,  even  to  the  best  contract." 

(8)  "  Le««  unnecessary  burning  ;  income  in  more  fixed  ratio  to 
expenses.  Customers  are  able  to  regulate  their  light  bills.  An 
aoeurate  basis  instead  of  guess  work,  to  estimate  schedule  price, 
life  of  btinps  should  be  mtich  longer,  by  use  of  meter,  by  the 
stofiping  of  unnecessary  burning."    ' 

(4)  "  We  should  take  in  a  great  deal  more  money  than  we  do 
now." 

(5)  "  There  are  a  few  exceptional  cases  where  we  are  getting  a 
little  more  out  of  contracts  tlian  we  would  from  a  meter,  but  as 
we  run  by  night  only,  this  difference  is  made  possible.  I  refer 
to  eady  closing  stores.  If  we  ran  by  day  these  would  use  light 
by  day  on  contract,  while  they  would  rarely  do  so  if  the  current 
were  measured.  I  find  generally  that  dwellings  on  contract  are 
constantly  fully  illuminated,  but  the  day  a  meter  is  put  in  they 
find  one  lamp  generally  suffices.  I  believe  our  income  would  be 
slightly  larger  if  everything  were  on  contract,  but  our  expenses 
would  be  out  of  all  proportion.  Immediately  after  taking  charge 
of  this  station,  I  looked  up  the  last  ten-minute  record  made  by 
outgoing  current,  dated  December  23d  and  24th.  it  is  possibly 
a  little  unfair  to  take  a  day  or  night  so  near  Christmas,  as  more 
light  is  used  at  that  time  than  at  any  other.  The  nearest  aggre- 
gate I  could  get  out  of  75  tests  in  money  value  was,  at  one  cent 
per  hour  per  ten  candle  lamp  (and  the  company  charged  at  that 
time  li  cents  per  hour),  and  after  deducting  station  and  street 
lighting,  $2,868.90,  while  the  income  of  the  company  for  that 
month  from  all  sources  was  about  $1,100.  Of  course  during  the 
winter  montlis  the  contract  consumer  gets  more  than  he  pays  for, 
and  is  reckless  in  the  summer,  because  he  thinks  he  gets  less  than 
he  pays  for." 

(6)  "  By  all  means  were  I  to  build  and  manage  a  new  station  1 
would  start  it  on  a  meter  basis,  and  carry  it  as  far  as  possible." 

(7)  "  Our  object  was  to  decrease  the  impaid  consumption  and 
increase  the  revenue." 
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(8)  "  We  believe,  from  our  experience,  we  can  supply  more  on 
meters  with  the  same  power  and  get  a  better  return  .from  current 
used." 

(9)  ^^  The  contract  gives  a  regular  income  to  the  company 
throughout  the  year,  nevertheless  in  a  majority  of  cases  it  is  a 
system  of  robbery ;  electrimty  should  be  sold  like  merchandise — 
by  measurement." 

(10)  "  The  principal  reason  for  a  change  to  a  meter  system  waa 
the  impossibility  of  making  contracts  which  were  fair  to  the  com- 
pany. Customers  will  bum  more  light  than  they  contract  for, 
and  though  under  a  eonti-act  system  it  may  be  easier  to  collect 
bills,  at  the  same  time  ^he  income  per  lamp  hour  will  not  average 
much  more  than  half  that  of  the  meter  system." 

(11)  ''It  prevents  people  from  consuming  an  excess  of  current^ 
thus  unnecessarily  overloading  the  station." 

(12)  ''  Under  a  contract,  consumers  abuse  the  use  of  the  light, 
which  abuse,  while  doing  the  customer  no  benefit  (the  light  not 
being  necessarily  used),  increases  the  cost  of  operating  and  lamp 
breakage  to  the  company  very  largely.  In  other  wordPj  you 
cannot  trust  customers  to  cut  their  own  cloth." 

(13)  "More  satisfactory  to  the  consumer  if  he  is  economical." 

(14)  "Maximum  revenue  for  maximum  power." 

(16)  "Consumers  can  gauge  the  quantity  of  light  for  which 
they  pay,  to  suit  the  business  requirements." 

Qicestion. — "  Do  you  keep  meters  on  contract  installations  for 
your  own  information  ? "    Some  of  the  replies  are  as  follows: — 

"We  have,  and  find  a  contract  consumer  is  using  about  double 
what  he  pays  for.  Some  customers  have  left  us  on  this  account 
but  almost  always  return." 

"Yes;  on  all  motors  also." 
•  "We  run  them  in  this  way  at  intervals  for  our  own  satisfac- 
tion." 

One  of  the  largest  of  the  stations  keeps  a  meter  on  each  con- 
tract  motor. 

Have  you  evidence  of  any  serious  error  aside  from  accidents  t 
If  so,  please  state  explicitly  what  it  is. 

Eight  stations,  embracing  the  large  ones  at  New  Orleans, 
Rochester,  La  Crosse,  Cincinnati  ^and  New  York,  reply  to  this 
question — "  No." 

One  of  the  most  experienced  station  managers  makes  this  reply. 

"We  have  none.     In  my  judgment  the  greatest  aniouJjgwJ 
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complaints  come  from  places  where  a  notable  lack  of  care  is 
shown  in  properly  preparing  plates,*  weighing  and  handling;  aLiO 
where  leaks  and  grounds  are  most  numerous.  The  meter  has  in 
past  years  located  many  faults  for  me." 

Is  the  feeling  of  your  customers  generally  one  of  confidence  in 
the  accuracy  of  the  Edison  meter  ? 

Most  of  the  stations  reply  without  other  remark  than  emphat- 
ically "Yes."  Some  of  the  answers  are  worthy  of  being  quoted 
literally. 

"In  some  cases  our  customers  keep  count  of  the  hours.  All 
such  customers  say  the  meters  are  correct. 

"Remarkably  few  objections  by  consumers  to  the  results  ob- 
tained." 

"*  The  general  feeling  is  one  of  confidence." 

"The  confidence  is  fully  as  great  as  in  gas  meters;  we  have  no 
difficulties  on  this  account." 

"Complaints  are  very  few  from  customers." 

"The  meter  to  our  customers  is  a  blank.  While  we  can  per- 
suade them  that  the  meter  is  correct  if  properly  manipulated,  it 
becomes  a  matter  of  eonfidence  in  the  meter  man." 

"One  month  ago  one  of  my  customers  began  keeping  a  record 
of  the  hours  his  lamps  were  bumii^.  When  his  bill  was  pre- 
sented it  was  four  cents  in  his  favor;  so  it  is  wjth  a  great  many. 
The  meter  has  given  us  good  results." 

"  This  question  is  rather  a  diflScult  one  to  -answer.  I  have  no 
doubt  that  the  majority  of  our  customers,  if  they  were  asked  the 
question,  would  say  that  they  did  not  believe  in  a  meter.  This  is 
not  due  in  a  great  many  cases  to  any  inaccuracy  they  have  ever 
discovered,  but  merely  to  the  general  idea  that  meters  are  not 
worth  anything,  judged  by  the  gas  and  water  meter  standard/?. 
We  have  had  a  number  of  customers  test  our  meters,  and  in  addi- 
tion to  this,  have  given  us  strong  letters  of  recommendation,  and 
I  have  never  seen  the  test  where  we  had  to  recede  from  our  posi- 
tion that  the  meter  was  correct." 

"  They  have  as  much  confidence  in  the  Edison  meter  as  in  the 
gas  meter,  and  probably  a  little  more." 

"  Those  consumers  who  keep  a  careful  lamp  account  for  a  few 
months  have  faith  in  the  meter." 

From  the  results  of  your  experience  with  the  meter  system  do 
you  feel  that  you  can  endorse  our  recommendation  to  new  com- 
panies that  they  adopt  it  as  the  most  satisfactory  method  of  serv- 
ing the  public  ?  digitized  by  dooglc 
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^^  Yes.  I  have  already  advised  several  new  companies  to  adopt 
it    Contracts  are  bad.    They  soon  get  the  best  of  jou." 

''  We  believe  that  it  is  the  only  way  to  sell  light.  We  ooly 
have  contracts  to  satisfy  certain  customers." 

^'  Yes,  where  practicable,  which,  however,  is  not  always  the  case 
in  starting  stations  in  small  towns." 

'^  I  do  not  believe  in  the  contract  basis  at  alL  I  feel  that  the 
meter  is  a  good  thing,  and  particularly  because  my  most  econom- 
ical consumers,  never  raise  any  questions,  and  we  never  have  any 
trouble  with  them." 

"  Yes,  most  decidedly  for  large  stations.  The  desirability  of 
putting  in  a  meter  system  depends  on  the  size  of  the  plant.  I  do 
not  consider  that  any  plant  of  over  500  lights  can  afford  to  get 
along  without  it." 

'^  Yes,  but  would  offer  contracts  as  well.  Give  them  what  they 
want,  and  if  one  does  not  prove  satisfactory,  give  them  some- 
thing else." 

Thk  Edisok  Electric  Illuminating  Co.  of  New  York, 
16  and  18  Broad  Street. 
Spencer  Trask,  President. 

John  I.  Beggs,  Vice-President  and  Greneral  Manager. 
J.  B.  Skehan,  Secretary  and  Treasurer. 

New  York,  December  27th,  1887, 
E.  11.  Johnson,  Esq., 

President  Edison  Electric  Light  Co., 

Dear  Sir — Replying  to  your  inquiry  as  to  the  accuracy  and 
degree  of  reliance  placed  upon  the  Edison  meter  in  tlie  commer- 
cial transactions  between  this  company  and  its  customers,  it  af- 
fords me  pleasure  to  state  that  our  experience  has  established  con- 
fidence in  the  meter,  not  only  on  our  part,  but  also  on  the  part 
of  our  customers,  in  consideration  of  which  I  offer  you  the  fol- 
lowing facts : 

The  Pearl  street  station  was  started  September  4th,  1882,  and, 
with  tlie  exception  of  but  two  hours  during  the  first  year,  has 
continued  uninterruptedly  to  date. 

The  station  is  at  present  supplying  current  for  15,000  incandes- 
cent lamps  and  150  h.  p.  of  Spmgue  electric  motors  to  647  cus- 
tomers through  a  like  number  of  meters. 

Our  bills  are  paid  cheerfuUy  with  but  an  occasional  exception, 
in  which  instances  a  verification  of  the  meter  is  had,  and  the  cus- 
tomer thereby  thoroughly  convinced  of  its  accuracy. 

Repeated  tests  of  the  meter,  comparative  and  otherwise,  made 
by  ourselves,  show  a  maximum  variation  of  not  greater  than  2 
per  cent,  and  a  variation  from  accuracy  of  not  more  than  1  per 
oent.     These  tests,  combined  with  the  practical  results  of  hve 
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years  actaal  use  of  several  hundred  meters,  have  demonstrated 
conclnsively  to  the  company  and  its  customers  the  efficacy  of  the 
apparatus  for  the  purpose  intended. 

Yours  truly, 
The  Edison  Elbctrio  Illuminating  Co.  of  New  York, 
By  John  I.  Beggs, 

Vice-President  and  General  Manager. 

The  following,  it  is  hardly  necessary  to  say,  was  penned  in  the 
bracing  air  of  the  Kocky  Mountains,  and  has  the  ring  of  Western 
enterprise : — 

**  I  can  endorse  the  meter  for  two  reasons.  It  is  the  friend  of 
the  poor  man  as  well  as  the  company  for  the  following  reasons : 
It  gets  action  on  the  horny-handed  son  of  toil  this  way.  Our 
contract  price  for  lighting  houses  for  ii^ve  lights  is  $4.25  per 
month  or  $51.00  a  year.  Now  there  are  lots  of  customers  who 
cannot  afford  to  pay  that,  but  can  afford  to  have  five  lights  in- 
stalled and  use  the  meter,  which  will  probably  not  average  over 
$3.50  per  month  or  $30.00  for  the  year.  At  the  same  time  if 
they  should  contract  for  $4.25  per  month,  and  then  run  till  12 
o'clock  for  a  month,  they  would  consume  $13.50  per  month  (if 
measured  by  the  meter),  but  we  would  only  get  $4.25.  If  all  did 
this  our  load  would  overrun  our  capacity,  but  thanks  to  the  little 
box — she  holds  her  down.  It  produces  the  same  effect  with  busi- 
ness houses.  Our  contract  price  with  this  class  is  $1.50  per 
month  (all  my  figures  are  based  on  16-candle  lamps).  Houses 
having  25  lights  would  be  $37.50  monthly ;  by  meter  wq  would 
realize  $29.10  average  for  year,  our  lighting  being  6  till  9.  You 
see  we  get  $29.10  for  3  hours  light,  while  with  contract  they  cQuld 
bum  till  12  for  $37.50  or  six  hours  light.  The  meter  holds  the  load 
down  for  families  when  they  use  only  one  or  two  lights  a  night,  but 
if  contracted  they  would  '  turn  her  loose.  Murphy,'  in  order  to  play 
even.  It  is  our  experience  that  the  people  always  manifest  a  de- 
sire to  play  even  with  a  ligh1>  company  if  possible,  and  if  they 
can't  get  action  one  way  they  will  another. 

Our  meters  here  are  a  great  deal  of  labor,  owing  to  the  number 
we  have  in  use,  but  still  we  can't  get  along  without  them  and 
really  think  they  are  reliable  if  conditions  are  equal.  My  tests 
here  have  been  \ery  flattering,  have  had  them  within  1-10  of 
one  per  cent,  of  biU  and  the  highest  out  was  2  5-8  per  cent 
high. 

^^  For  customers  using  a  large  amount  of  light  it  is  cheaper  for 
them  to  contract  here,  but  for  small  customers  the  meter  is  the 
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correct  thing,  and  with  ns  produces  satisfaction  and  good 
among  the  cnstomens.  In  the  summer,  bills  are  «n«U,  but  iSie 
winter  months  balance  them  and  run  higher ;  when  expenses  in- 
crease, so  do  the  meter  bills,  but  with  contracts  it  would  be  the 
same." 

The  reports  referred  to,  represent  the  following  aggregates  and 
averages : — 

Total  number  of  lampe  of  all  powers  in  23  stations 117,501 

"      "     on  meters 87,856 

•'      oncontracts 29,805 

"motors 850 

**    horse-power  of  motors 1,000 

"    number  of  meters  of  all  capacities 5,187 

"  two  wire  meters 4,581 

*'        "         '•  three-wire  meters 860 

Average  number  of  lamps  per  station,  meters  and  contracts 5,109 

* on  meters,  28  stations 8,880 

"        "      "      on  contracts.  20  stations 1,466 

**       horsepower  of  motors. .. .     8 

number  of  meters  per  station 296 

"  "       "  lamps  per  meter. .    17 

Total  cost  fA  operation,  16  stations $16,285.00 

Average  annual  cost  i>f  operation  per  meter 4.08 

"     "        "  '*    Ump 0.88 

It  is  also  of  interest  to  note  that  of  the  twenty-three  stations 
equipped  with  meters  for  the  measurement  of  seventy-five  per 
c^nt.  of  their  entire  lamp  capacity,  and  relying  upon  these  meters 
for  the  amounts  of  their  bills  to  consumers,  four  are  earning  up- 
wards of  fifteen  per  cent,  on  their  capital  stock ;  three  others  be- 
tween ten  and  fifteen  per  cent.;  three  others  between  eight  and 
ten  per  cent.,  and  eight  more  between  five  and  eight  per  cent,  on 
their  capital  stock.  Others  have  been  operating  for  too  short,  a 
time  to  yield  definite  results. 

The  following  extract  from  a  letter  from  Mr.  J.  W.  Lieb, 
Milan,  Italy,  written  under  date  of  November  2d,  1888,  demon- 
strates clearly  how  satisfactory  the  action  of  the  meter  may  be 
made,  even  when  the  urgent  cares  of  a  rapidly  growing  business, 
forbid  the  one  engineer  of  the  station  who  is  thoroughly  informed 
on  this  subject,  from  giving  the  details  of  its  operation  any  con- 
isiderable  personal  attention.  Mr.  Lieb  has  labored  under  die  ad- 
ditional disadvantage  of  being  at  a  great  distance  from  the  birth 
place  of  the  system,  and  the  scenes  of  its  widest  usefulness. 

'^  We  have  at  present  actually  in  use  in  Milan  some  360  metei¥( 
of  various  types  (all  Edison  meters),  the  smallest  for  350  ampere- 
hours  per  month,  and  the  largest  30,000  ampere-hours,  with  a  re- 
spective maximum  capacity  of  from  four  to  400  amperes. 

Digitized  by  VjOOQIC 


WITH  THE  EDISON  CHEMICAL  METER.  55 

"  All  tbe  current  from  the  mains  is  paid  for  by  tlie  ampere- 
hour  according  to  the  sliding  scale  of  charges  herein  enclosed. 

"  The  temperature  to  which  the  meters  are  exposed  varies  be- 
tween 5  degrees  centigrade  and  35  degrees  centigrade.  We  have 
never  had  occasion  to  apply  thermostats  to  the  meters.  The  re- 
sults of  our  experiments  and  our  general  experience  with  the 
meter  have  given  us  confidence  that,  if  carefully  treated,  its  indi-  ' 
cations  are  fairly  reliable,  the  maximum  error  (low  reading),  oc- 
curring with  light  loads. 

"  While  we  have  some  consumers  whose  consumption  of  current 
is  eomparatively  uniform  throughout  tlie  year,  the  majority 
(among  whom  many  apartments)  consume  little  or  no  current 
during  the  summer  months,  some  consumers  closing  their  apart- 
ments and  making  the  meters  inaccessible  for  four  or  five 
months. 

"  Our  consumers  are  as  a  rule  very  close,  a  number  keeping 
careful  account  of  their  lamp  hours  (ampere-hours),  from  month 
to  month,  the  larger  ones  having  clerks  specially  delegated  for 
that  purpose. 

'^  This  fact,  coupled  with  the  imfavorable  conditions  of  supply 
above  noted^  makes  it  necessary  to  apply  all  precautions  to  avoid 
contestations,  and  I  am  glad  to  say  we  have  been  fairly  successful 
in  meeting  the  difficulties. 

"  We  keep  a  careful  half -hourly  register  of  the  indications  of 
the  main  station  ammeters  and  the  feeder  ammeters  and  find  them 
to  agree  with  each  other,  and  their  sums  with  the  ampere-houra 
given  monthly  by  the  meters  within  a  small  percentage  of  error 
which  we  have  observed  is  a  maximum  during  the  summer 
months,  the  sum  of  the  meter  indications  being  slightly  low.'" 

Such  abuses  of  the  contract  system  as  are  shown  by  the  foregoing 
expressions  are  so  manifest  to  many  contract  stations  from  which 
we  have  asked  for  no  letters,  that  some  of  them  are  already 
changing  to  a  meter  basis,  and  it  is  evidently  only  a  matter  of  a 
rthort  time  when  others  will  be  compelled  to  do  likewise. 

At  every  meeting  of  the  Association  of  Edison  Illuminating 
CJompanies  there  has  been  a  full  and  impartial  discussion  of  the 
relative  merits  of  the  two  methods.  The  result  may  be  briefly 
and  forcibly  summed  up  in  the  following,  unanimously  passed  at 
the  meeting  of  the  Association  held  at  Chicago,  Illinois,  February 
JHh,  1888  :— 

^  Resijinyedf  That  after  a  full  discussion  of  the  relative  Hierite 
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of  the  meter  and  contract  systems  in  the  nnmerous  meetings  of 
this  Association,  that  it  is  the  aense  of  the  Association  that  the 
Edison  meter  is  accurate,  that  the  sjstem  is  not  too  expensive  for 
stations  above  1,000  lights,  and  that  the  best  financial  results  are 
invariably  secured  in  a  station  selling  by  meter." 

ItecerU  improvements. — ^Nearly  a  year  ago  a  series  of  exhaustive 
tests  were  undertaken  at  the  laboratory  of  Mr.  Edison,  to  deter- 
mine whether  in  the  light  of  years  of  experience  since  the  initial 
experiments  upon  which  the  first  methods  were  based,  advan- 
tageous changes  could  be  made. 

The  first  result  of  these  tests  was  the  perfection  of  the  general 
details  of  the  three-wire  meter,  then  being  offered  to  the  Edison 
stations.  The  present  form  of  connecting  spring  clip  was  at  once 
introduced.  A  diagonal  arrangement  of  terminals,  making 
it  easy  to  connect  from  either  side  or  from  below,  followed  after. 
Then  the  production  of  pure  chemicals  by  the  Edison  laboratory^ 
and  the  elimination  of  the  error  due  to  oxidation  (already  referred 
to)  by  proper  treatment  of  the  solution. 

At  a  meeting  of  the  Standardizing  Bureau,  held  December 
17th,  1888,  it  was  voted  to  authorize  the  discontinuance  of  the 
two  largest  sizes  of  plates  (40  and  80  amperes),  and  use  in  their 
places  the  20  ampere  plate  with  a  proper  change  in  the  compen- 
sating spool  in  each  case.  It  was  found  perfectly  feasible  to 
measure  the  shunt  resistances  and  weigh  the  plates  more  accu- 
rately than  heretofore,  thereby  effecting  a  substantial  saving  in 
cost  and  care  of  large  plates.  As  an  illustration,  a  200-light  plate 
only  needs  to  be  weighed  to  one-sixteenth  of  the  exactness  in 
units  of  what  is  necessary  in  a  12-light  plate  to  secure  the  same 
percentage  of  accuracy. 

It  was  also  decided  to  authorize  the  use  of  one  bottle  in  place 
of  two  for  the  three  smaller  capacities,  which,  as  appears  by  the 
average  figures  given,  constitute  a  large  majority  of  the  total 
number  in  use.  This  will  probably  be  followed  by  a  change  in 
all  sizes  as  soon  as  confidence  in  the  feasibility  of  this  plan  be- 
comes general.  One-bottle  meters  for  two-wire  uses,  and  two- 
bottle  meters  for  three-wire,  will,  therefore,  be  immediately  pro- 
duced. 

These  important  changes,  which  it  will  be  observed  simply  fol- 
low as  a  natural  result  of  the  confidence  established  by  exper- 
ience, will  probably  be  supplemented  by  others,  none  of  which 
will.  however4.  modify  any   essential    features    of  practice,   but 
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simply  apply  processes  which  add  nothing  to  the  expense  but 
tend  to  eliminate  the  already  small  sources  of  error.  Among 
those  indicated  as  likely  to  be  recommended  are  a  reduction  in 
the  size  and  change  in  the  form  of  the  bottles  and  method  of 
closing  ;  a  slight  change  in  the  specific  gravity  of  the  solution, 
and  a  modification  of  the  treatment  of  the  plates  by  which  the 
active  surfaces  shall  be  limited  to  those  placed  directly  opposite 
each  other  in  the  cell. 

These  minor  changes  will  aid  still  farther  toward  the  result 
which  Mr.  A.  E.  Kennelly  (under  whose  personal  supervision  the 
present  tests  are  being  made)  predicted  in  a  recent  lecture  would 
be  realized,  namely :  that  "  The  Edison  electrolytic  meter  will  in 
the  future  be  recognized  as  the  simplest  and  most  accurate  appa- 
ratus of  its  kind  in  commercial  use." 

An  interesting  application  of  this  Edison  meter  principle  has 
been  made  in  England,  and  is  described  as  follows  in  the  EUc- 
trieian  article  already  quoted,  relative  to  a  multiple-series  instal- 
lation at  Brighton :—    ' 

"  The  objections  to  the  electrolytic  method  are  absent,  when 
it  is  employed  in  connection  with  a  constant  current  distribution. 
In  the  first  place,  we  have  now  to  measure  the  Srolt-hours'  across 
the  terminals  of  the  house  connections,  so  that  the  meter  is  a 
shunt  to  the  whole  installation.  By  placing  a  high  resistance  in 
circuit  with  the  meter  in  order  to  reduce  the  current  in  the  shunt 
circuit,  no  error  is  introduced.  Secondly,  by  integrating  the  e. 
M.  F.  and  assuming  constant  current,  we  are  introducing  no  non- 
existent factor ;  in  fact,  the  current  at  Brighton  is  actudly  main- 
tained constant  within  one  per  cent." 

This  suggests  interesting  possibilities  in  measurement  of  energy 
supplied  to  customers  of  series  circuit  systems. 

I  have  not  taken  your  time  this  evening  to  prove  by  aggrega- 
tion of  testimony  simply  that  a  meter  basis  is  the  proper  princi- 
ple, or  that  the  electrical  fraternity  needs  it  and  should  be 
educated  to  its  use.  This  is  self-evident.  My  aim  is  to  show  by 
the  incontestible  logic  of  facts  that  it  is  entirely  practical  and 
economical  to  accomplish  all  that  is  required  by  a  method  which 
is  widely  applied,  and  to  emphasize  by  varied  but  singularly  har- 
monious quotations  from  the  experience  of  men  who  are  by  its 
help,  earning  dividends,  the  result  of  "  Six  Years'  Practical  Ex- 
perience with  the  Edison  Chemical  Meter,"  which  is  the  topic  of 
my  paper.  ^ 
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DISCUSSION. 

The  Chairman  : — 1  am  sure  the  Institute  is  to  be  congratulated 
upon  the  paper  presented  this  evening ;  and  we  should  be  very 
grateful  indeed  to  Mr.  Jenks  for  the  pains  he  has  taken,  and  the 
elaborate  preparations  he  has  made  ;  and  for  having  given  us  all 
a  great  deal  of  information,  which  probably  few,  if  any,  of  us 
had,  as  to  the  practical  experience  with  these  electrolytic  meters. 
We  have  heard  about  them  for  a  long  time,  and  probably  kn^w 
a  little  about  them ;  but,  I  think  it  is  the  initiation  of  a  good 
practice  for  the  future  that  those  who  actually  know  about  these 
things  should  tell  us  all  about  them,  and  inform  us  just  wliat  has 
been  ascertained  regarding  them  in  practice.  Tlie  subject  is  now 
open  for  discussion,  and  I  hope  you  will  all  avail  yourselves  of  tlie 
opportunity  to  speak. 

Me.  Jenks  ; — I  would  like  to  say  a  word  just  at  this  time.  It 
certainly  is  a  good  practice  to  bring  people  who  actually  handle 
devices  of  this  kind,  into  such  a  position  as  will  enable  them  to 
tell  what  they  know  about  such  devices  ;  and  my  regret  to-night 
is,  that  for  several  years  I  have  not  done  anything  in  the  way  of 
practically  handling  the  Edison  meter.  I  am  not  a  chemist ;  and 
have,  in  a  measure,  gotten  out  of  the  way  of  handling  or  remem- 
bering figures  and  exact  quantities,  about  which  you  might  ask 
me  a  great  many  questions  that  I  should  not  be  able  to  answer 
off-hand.  I  have  undertaken  to  show  the  practical  results  attend- 
ing the  operation  of  the  meter,  and  any  question  in  that  line,  as 
well  as  in  others,  that  I  chance  to  remember,  I  shall  be  very  glad 
to  answer. 

Mr.  C.  S.  Bradley  : — I  would  like  to  call  Mr.  Jenks's  atten- 
tion to  the  fact  that  he  did  not  fully  point  out  the  smallness  of 
the  error  due  to  the  comparative  resistance  of  the  bottle  and 
spool,  compared  with  the  shunt.  The  resistance  of  the  bottle  and 
copper  spool  combined  being  975  times  that  of  the  shunt,  there 
is  a  very  small  error,  which  is  not  fully  explained. 

The  Secretary: — I  feel  that  I  ought  to  congratulate  myself 
somewhat,  on  being  responsible  for  bringing  up  this  subject.  It 
was  originally  my  idea,  however,  to  have  some  gentleman  take 
up  the  whole  meter  question,  and  go  through  it  exhaustively, 
showing  the  work  of  different  inventors.  When  I  made  this 
suggestion,  I  had  no  idea  of  the  practical  perfection  to  which  the 
Edison  meter  had  been  brought ;  nor  of  the  multitude  of  devices 
which  the  inventor  had  brought  out,  before  arriving  ajf^^i^h?''" 
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fected  fonn  ae  shown  this  evening.  We  have  seen,  from  the 
various  diagrams  which  have  been  thrown  upon  the  screen,  that 
he  has  utilized  the  various  properties  of  the  electric  current  in 
many  different,  and  I  must  say,  very  ingenious  ways.  Many  of 
these  experimental  meters  are  probably  not  practical ;  but  1  am 
sure  they  all  tend  to  show  the  remarkable  fertility  of  Mr.  Edi- 
son's inventive  mind,  and  it  has  been  very  interesting  to  me, 
especially  in  comparing  the  experience  in  electric  meters  with 
those  used  for  other  purposes,  which  have  had  discredit  thrown 
upon  them,  and  I  think  rather  unjustly.  I  have  had  some  ex- 
perience with  the  gas  meter  and  I  must  say  that  I  have  always 
found  it  very  accurate,  I  used  to  read  one  in  the  Western  Union 
Building.  True  it  was  not  used  very  much  in  the  summer,  but 
it  ran  on  for  four  or  five  months,  and  the  bill  would  come  in  for 
perhaps  25  cents.  Once  in  a  while  the  bill  would  be  larger  than 
the  average  and  upon  investigation,  I  would  find  that  some  one 
had  been  working  at  night.  I  have  a  meter  in  the  Institute 
ofiice,  and  frequently  use  gas  on  dark  days.  My  bill  for  six 
months  was  $1.47, 1  do  not  think  that  is  very  exorbitant,  and  I 
presume  the  meter  has  recorded  it  very  accurately.  But  there 
is  one  important  point  about  this  meter.  It  is  going  into  a  cer- 
tain field  where  there  has  been  nothing  of  the  kind  before,  and 
that  is  in  power  service.  All  power  service,  as  you  know,  is 
furnished  under  contract,  so  much  a  year,  or  so  much  a  month 
per  horse-power  5  but  there  is  always  a  question  whether  a  man 
gets  six  h.  p.  or  ten  h.  p.,  whatever  the  understanding  may  be ; 
and  they  judge  by  the  width  and  the  tightness  of  the  belt,  as  to 
how  much  the  customer  is  taking.  Then  again  a  man  may  pay 
for  six  h.  p.  and  not  use  it  at  all.  In  printing  offices  the  presses 
may  be  idle  all  day,  but  they  have  to  pay  for  their  power  all  the 
same.  In  this  field  it  certainly  should  prove  a  very  desirable  in- 
strument, and  relieve  the  minds  of  a  great  many  as  to  the  amount 
of  the  bills  they  ought  to  pay.  Then  in  domestic  service,  we  can 
all  see  the  benefit  of  using  a  meter.  For  a  residence  the  contract 
service  will  not  answer  at  all.  So  far  as  I  know,  the  contract 
price  at  which  incandescent  lamps  are  put  out  precludes  their  use 
in  private  families,  where  that  light  is  most  desirable. 

I  could  not  help  thinking,  when  I  saw  the  pictures  thrown 
upon  the  screen,  as  they  passed  one  after  the  other,  what  a  long 
road  Mr.  Edison  had  travelled  over ;  and  how  much  trouble  he 
might  have  saved,  if  he  had  only  permitted  himself .^t^^  J)e  guided ^ 
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by  the  experience  of  John  Gilpin,  who  rode  through  Oheapside 
^'  and  hnng  a  bottle  on  each  side  to  make  his  balance  true."  Mr. 
Edison  has  got  his  meter  down  to  two  bottles  and  we  have  beeu 
shown  to-night  that  the  instrument  is  true. 

Prof.  Edward  P.  Roberts  : — I  would  like,  if  Mr.  Pope  would 
allow  me,  to  take  one  of  his  remarks  as  a  text  for  a  moment. 
That  was  about  the  gas  meter.  We  had  an  electric  light  com- 
pany in  Cheyenne,  and  1  blackguarded  the  gas  meter  with  all  my 
power.  Then,  we  bought  up  the  gas  company.  I  had  to  send 
bills  to  the  gas  people,  and  the  customers  remembered  it,  and  it 
was  a  difficult  thing  to  get  out  of.  When  I  went  to  prove  up 
the  meters,  only  one  of  them  registered  in  favor  of  the  company, 
and  nearly  all  the  rest  were  in  favor  of  the  consumer,  about  three 
per  cent.,  and  some,  considerably  more  than  that.  As  the  ten- 
dency with  the  electric  light  companies,  is  to  buy  up  the  gas  com- 
panies, and  not  for  the  gas  companies  to  buy  up  the  electric  light 
companies,  it  is  unadvisable  for  any  man  to  get  into  that  fix,  if 
he  can  possibly  help  it.  I  would  like  to  ask  the  lecturer  what  is 
the  length  of  time  required  to  weigh  the  plates  and  do  all  the 
work  necessary  to  arrive  at  the  figures. 

Mr.  Jenks: — I  think,  perhaps,  a  fair  approximation  to  that 
may  be  reached  by  the  averages  which  were  given  on  the  num- 
ber of  meters  per  station,  and  the  average  expense.  The  number 
of  meters  per  station  on  an  average,  in  18  stations  being  225 ;  the 
average  expense  being  $4  per  meter  per  year,  it.  would  make  a 
225  meter  station  cost  $900  a  year,  for  the  man  and  chemicals 
and  everything  else  required.  In  other  words,  a  station  of  that 
kind  would  represent  just  about  that  amount  of  running  expense 
after  the  plant  had  once  been  installed.  There  are  several 
records  of  one  man  attending  to  a  great  many  meters ;  but  I 
think,  perhaps,  experience  has  shown  that  men  vary  in  their  abil- 
ity to  do  that  sort  of  work  just  as  they  do  in  the  trimming  of  arc 
lamps,  or  anything  which  requires  care,  and  at  the  same  time^ 
rapid  manipulation.  I  should  be  very  glad  to  bring  out  some- 
what more  definite  data  in  reference  to  that 

Prof.  Roberts: — Who  does  that  work  usually,  the  book- 
keeper ? 

Mr.  Jenks  : — That  depends  to  a  considerable  extent  on  the  size 
of  the  station.  In  a  very  small  station,  say  a  1,000  light  station, 
the  superintendent  does  his  own  meter  work,  and  can  do  it  with- 
out any  difficulty.     There  are  two  or  three  superintendents  now. 

Digitized  by  VjOOQ IC 


DISOUSSIOy.  61 

Boine  of  the  oldest  men  in  the  Edison  business,  who,  with  2,000 
lamps  installed,  take  in  the  bottles,  and  replace  them  themselves. 
When  the  station  gets  a  little  larger,  a  boy  is  employed  to  do  that 
merely  mechanical  work.  Then  the  time  comes  when  the  meter 
man,  who  should  be  an  intelligent  person,  does  simply  the  weigh- 
ing, and  all  the  other  mechanical  parts  of  the  business  are  done 
by  others.  Then,  instead  of  making  out  the  bills  himself,  he 
simply  sends  the  weights  to  the  book-keeper  or  the  superintend- 
ent ;  so  it  comes  that  we  have  all  the  way  from,  we  might  say, 
one-half  to  3  and  4  or  5  men  employed  in  the  meter  business,  - 
according  to  the  size  of  the  station. 

Db.  Sohitylee  S.  Wheeler  : — Mr.  Jenks,  in  describing  the 
three-wire  meter,  omitted  to  explain  the  way  in  which  the  two 
sets  of  bottles  took  care  of  the  three  wires.  I  would  like  to  call 
his  attention  to  that.  The  current,  in  going  out  on  the  positive 
wire,  for  instance,  is  registered  in  the  positive  bottle.  It  may 
return  through  the  neutral  wire,  and  it  may  return  through  the 
negative.  In  that  case  it  is  registered  in  the  negative  bottles. 
After  returning  on  the  neutral  wire,  it  is  registered  again.  The 
passage  of  the  current  through  this  wire  causes  it  to  consume  an- 
other 110  volts,  so  that  it  should  be  charged  up  twice. 

Mr.  Jenks  : — I  neglected  to  make  it  plain  that  the  neutral  wire 
acted  as  a  compensation  for  the  meter,  as  well  as  for  the  line 
service. 

Mb.  Francis  B.  Cbockeb  : — I  would  like  to  add  a  word  or  two 
to  what  Prof.  Roberts  said  about  the  general  accuracy  of  meters, 
and  the  particular  accuracy  of  electric  meters,  or,  inaccuracy,  if 
people  prefer  to  put  it  that  way.  The  word  meter  is  synony- 
mous with  fraud  in  the  popular  mind.  But  I  think  it  is  more  a 
question  of  human  nature  than  anything  inherently  bad  in  the 
meter.  Gas  meters,  as  Prof.  Roberts  said,  are  probably  actually  in 
favor  of  the  customer  in  at  least  three  cases  out  of  four ;  and  any 
large  errors  would  almost  always  be  in  favor  of  the  customer,  for 
the  reason  that  the  gas  meter  is  a  gas  engine ;  it  is  worked  by  the 
gas,  and  the  gas  must  flow  through  in  order  to  work  the  meter. 
But  the  gas  may  flow  through  and  not  work  the  meter,  if  the 
meter  is  stuck,  or  the  friction  is  great,  or  there  is  any  other  fact 
about  it  that  prevents  the  proper  working  of  the  meter.  Now, 
the  same  is  true  of  this  Edison  meter,  the  electric  current  operates 
the  meter,  therefore  the  current  must  flow  in  order  that  the 
meter  shall  record.     On  the  other  hand,  the  current  may  flow, 
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without  fullj  recording  its  ralue.  For  instance,  if  the  contacts 
of  the  meter  circuit  are  poor,  then  the  fraction  of  the  current  that 
should  pass  through  the  meter  will  not  pass  through  it,  and  if  the 
contacts  are  broken,  it  is  possible  that  no  current  at  all  will  pass 
through  the  meter,  and  yet  a  lai^  amount  of  current  may  be 
used  in  the  house.  In  fact,  in  any  meter  it  is  almost  always  the 
case  that  the  commodity,  whatever  it  may  be,  gas,  water,  or  elec- 
tricity, is  muoh  more  apt  to  flow  and  not  record,  than  that  a 
record  can  be  made  without  any  flow,  and  I  think  that  fact  is  for- 
gotten when  people  condemn  meters.  The  very  nature  of  the 
apparatus  requires  that  whatever  is  measured  shall  pass  through 
in  order  to  be  recorded.  Now,  as  to  whether  the  company  reads 
one  thing  from  the  meter  and  charges  for  another,  that,  of 
course,  has  nothing  to  do  with  the  meters.  It  is  entirely  outside 
of  the  theory  or  practice  of  meters ;  it  is  merely  a  question  of  pen 
and  ink.  But  I  think  the  meter' is  as  accurate  as  any  other  prac- 
tical instrument,  and  I  think  that  gas  is  measured  as  accurately  as 
cloth  or  milk — 

Mb.  Pope  : — Or  coal. 

Mk.  Ckockkb  :— Or  coal,  or  any  other  material  that  is  furnished 
to  the  public.  The  fraud,  if  it  occurs,  and  I  suppose  it  does  in 
many  cases,  is  a  case  of  deliberate  fraud  when  the  method  and 
apparatus  for  making  the  measurements  may  be  perfectly  correct. 
It  is  after  the  meter  has  done  its  work  that  the  book-keeper  puts 
on  the  increment  for  which  the  meter  has  to  take  the  discredit. 
There  are  so  many  more  people  who  talk  against  meters  than 
there  are  in  favor  of  them,  that  I  think  a  word  said  now  and  then 
on  the  other  side  is  no  more  than  fair. 

The  Chaibman  : — Perhaps  the  gas  companies  will  at  least  find 
some  cause  to  be  grateful  to  electricians  from  the  way  the  vera- 
city of  meters  in  general  has  been  maintained  to-night.  Has  Mr. 
Lyne  a  word  to  say  ? 

Mr.  Lewis  F.  Lyne  : — ^I  do  not  know  that  I  can  enlighten  you 
very  much  on  electric  meters,  because  I  have  not  had  anything 
to  do  with  them.  I  have  been  very  much  interested  in  the  paper 
which  has  been  read,  and  also  in  the  general  subject  of  meters.  I 
may  say  a  word,  though,  in  reference  to  other  meters  with  which 
I  have  had  a  great  deal  to  do ;  gas  meters,  for  instance.  I  re- 
member in  one  place  where  we  thought  the  gas  bills  were  too 
large,  we  used  to  put  a  wooden  wedge  under  the  edge  of  the 
meter,  and  tip  it  so  as  to  increase  the  friction,  and  in  that  way» 
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we  proportionately  reduced  our  bill  right  off.  Not  many  months 
ago,  I  was  in  charge  of  an  electric  light  station  where  we  had  a 
Crown  water  meter.  Those  of  you  who  understand  the  con- 
struction of  that  meter,  know  that  inside  is  a  gutta-percha  cog- 
wheel that  moves  about,  as  the  water  passes  through.  We  were 
bothered  about  getting  water,  and  we  thought  that  the  pipe  was 
stopped  up  with  something,  and  we  ran  that  way  for  several  days ; 
then  we  took  the  meter  apart,  and  found  that  it  was  stuck ;  during 
that  time,  the  meter  had  failed  to  record  any  water ;  but  we  had 
been  running  a  250  h.  p.  engine. 

Mr.  J.  W.  Howell: — There  is  one  point  in  the  criticism 
which  Mr.  Jenks  quoted  from  the  past  proceedinpcs  of  the  Insti- 
tute, which,  I  think,  ought  to  be  mentioned.  That  criticism 
stated  that  the  meter  measures  only  a  very  small  proportion  of 
the  current  which  is  sold,  that  is  a  975th  part,  ttierefore,  any 
error  in  the  measurement  was  multiplied  by  1,000,  practically. 
Well ;  that  is  true,  and  yet  it  is  not  true.  If  we  measure  1,000th 
part  of  the  current,  and  multiply  by  1,000,  any  <  rror  in  that  meas- 
uring bottle  or  in  the  resistance  of  the  circuit  in  which  the  meas- 
uring bottle  is  placed,  is  multiplied  by  1,000 ;  but  the  percentage 
of  the  error  is  always  the  same,  and  if  we  have  an  error  of  10  per 
cent,  in  the  circuit  in  which  the  bottle  is,  it  means  an  error  of  10 
per  cent,  only  in  the  result.  No  matter  what  kind  of  meter  it  is, 
whether  that  bottle  is  in  the  main  circuit,  or  in  the  shunt  circuit, 
a  two  per  cent,  error  would  be  two  per  cent,  in  every  case,  and  it 
would  not  be  a  2,000  per  cent,  error,  as  the  criticism  would  lead 
you  to  believe.  There  are  a  good  many  men  here  whom  I  should 
like  to  hear  from  about  meters.  I  have  watched  the  introduction 
of  the  Edison  meter,  in  one  place  especially,  and  I  have  watched 
its  growth  from  the  very  beginning.  When  the  Edison  meter 
was  first  put  into  stations,  the  first  thing  a  man  asked  was,  ^'  Is 
the  Edison  meter  accurate  ?"  And,  really,  there  was,  for  some 
time,  a  diversity  of  opinion  among  the  Edison  people  as  to 
whether  it  was  really  an  accurate  meter.  But  the  experience  of 
the  users  of  the  meter  has  been  so  gratifying,  and  has  been  so 
much  to  its  credit,  that  you  very  rarely  hear  the  accuracy  of  the 
Edison  meter  questioned  to-day ;  in  fact,  among  the  Edison  elec- 
tric light  people  it  is  not  questioned  at  all.  It  is  known  that 
the  experience  of  the  people  using  it  for  the  last  six  years  has 
shown  beyond  question,  that  the  Edison  meter  is  accurate.  The 
station  I  spoke   of   is  the  station    at    New  Brunswick,  which 
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started  out  not  to  use  any  meters.  They  would  make  a  con- 
tract with  a  consumer,  and  give  him  such  light  as  they  thought 
he  would  use,  at  a  fixed  rate.  The  more  they  used  that  system, 
the  more  they  were  convinced  that  they  were  only  getting  about 
one-third  as  much  for  their  current,  as  they  supposed  they  would 
get.  To  overcome  that,  they  introduced  the  meter  system,  and 
the  result  of  changing  from  the  contract  to  the  meter  system  has 
been  a  very  much  diminished  output  in  the  station,  and  a  very 
much  increased  revenue.  They  get  twice  as  much  in  return  for 
a  given  output  of  electricity  as  they  did  before.  The  accuracy 
of  the  meter  there  has  been  checked  several  times  by  the  custom- 
ers counting  their  lamp  hours.  I  have  never  heard  of  a  case 
there  in  which  the  meter  was  found  to  be  wrong.  I  know  of 
cases  there,  where  the  electric  meter  has  checked  the  gas  meter ; 
I  mean  has  differed  materially  from  the  gas  meter.  The  customer 
in  one  case  was  getting  his  electric  light  very  much  cheaper  than 
his  gas ;  in  the  other  case,  the  customer  was  paying  very  much 
more  for  it.  In  both  cases,  they  found  by  going  back  to  their 
gas  meter,  that  one  gas  meter  was  charging  too  much,  and  the 
other  was  charging  too  little,  and  the  electric  meters,  in  both 
cases,  were  right.  My  belief,  and  the  universal  belief  in  the  Edi- 
son meter,  is  the  result  of  experience  with  it. 

Mb.  Francis  R.  Upton  : — I  would  only  add  to  what  has  been 
said  here  about  tlie  meter,  my  knowledge  of  the  very  long  course 
of  experimenting  that  Mr.  Edison  went  through  to  obtain  the  re- 
sults that  we  now  have.  I  know  that  in  the  early  days  at  Menlo 
Park,  these  various  forms  that  have  been  shown  on  the  screen 
were  made  and  tried.  I  realize  very  fully  the  difficulties  in  mak- 
ing any  mechanical  meter,  or  any  meter  that  will  not  stick  at 
starting.  I  do  not  think  that  those  who  have  given  attention  to 
the  meter,  have  thought  that  any  solution  can  be  found;  but  that 
this  trouble  will  come  in,  except  with  a  chemical  meter.  In 
meters  that  use  the  heating  effect,  the  sticking  of  the  meter  is  an 
uncertain  quantity,  and  is  invariably  against  the  company ;  those 
meters  will  never  be  used.  If  the  error  were  in  favor  of  the 
company,  I  have  no  doubt  they  would  be  largely  sold  and  largely 
used,  but  they  are  invariably  against  the  company.  The  Edison 
meter  is  formed  with  the  zinc  plates  instead  of  copper  plates, 
which  were  first  proposed.  That  represents  a  large  amount  of 
work  at  Menlo  Park,  and  again  at  the  Edison  Machine  Works,  in 
Goerck  Street ;  and  since  then,  Mr.  Jenks  has  given  an  immense 
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• 
amoiint  of  time  to  it ;  so  that  it  has,  to-day,  been  built  up  into  an 
iostmment  of  most  thorough  accuracy. 

Mb.  E.  T.  Bibdsall  : — Mr.  Edgar,  of  the  Boston  Edison  sta- 
tion, is  here ;  I  am  sure  he  could  give  us  some  data. 

The  Chairman  : — We  should  be  most  pleased  to  hear  from 
Mr.  Edgar. 

Mr.  C.  L.  Edoar  : — I  do  not  know  that  I  can  add  anything  to 
what  Mr.  Jenks  has  said.  We  are  using  about  800  meters,  and  I 
have  the  utmost  confidence  in  them.  I  have  tested  a  great  many, 
•and  I  have  had  our  customers  test  them  for  us.  I  have  known  of 
numbers  of  cases  where  they  have  proved  within  one  per  cent; 
and  I  never  have  known  of  a  case  where  we  had  to  retreat  from 
the  position  which  we  had  taken,  that  the  meter  was  correct.  We 
have  had  a  great  number  of  meters  in  use  where  electric  motors 
are  on  the  circuits,  and  are  able  to  determine  just  exactly  the  h. 
p.  hours  per  month  of  each  motor ;  thus  being  able  to  make  a 
contract  price  in  the  next  case  which  would  be  more  satisfactory 
than  if  we  had  not  made  those  tests. ' 

One  gentleman  asked  a  question  to-night  as  to  the  cost  of  a 
meter  station.  We  have,  as  I  say,  800  meters.  In  that  depart- 
ment there  are  five  men  ;  three  of  them  are,  practically,  boys,  who 
go  around  town  collecting  bottles.  We  extend  over  a  territory 
nearly  three  miles  from  one  extreme  to  the  other.  Of  course,  the 
traveling  is  more  than  it  would  be  for  a  different  sized  station. 
The  fourth  man  does  the  weighing,  and  the  fifth  man  makes  out 
the  bills  and  sends  them  up  to  the  book-keeper,  ready  to  be 
mailed ;  so  that  we  really  do  more  in  the  meter  department  than 
is  ordinarily  done ;  because,  usually,  the  bills  are  made  out  by  the 
book-keeper.  It  costs,  perhaps,  $2,500  a  year  to  take  care  of  the 
^00  meters ;  but  a  great  many,  as  I  say,  are  on  motors  where  we 
are  experimenting,  making  changes  once  a  week,  so  as  to  get  at  a 
feir  average  for  different  classes  of  work. 

Mb.  Howell: — I  suppose  every  one  here  knows  that  there  has 
been  a  great  deal  of  inventive  energy  wasted  on  meters.  The 
records  of  the  Patent  Office  show  an  enormous  number  of  me- 
dbanical  meters;  and  I  think  the  Edison  Company  have  had 
about  as  many  presented  to  them  as  anybody  has ;  and  one  great 
point  in  favor  of  the  Edison  meter,  as  compared  with  any  other 
meter,  is  its  cheapness.  If  we  want  to  equip  a  station  with  800 
meters,  as  Mr.  Edgar  says  his  station  is  equipped,  it  makes  a 
very  great  difference  if  we  have  to  pay  for  a  complicated  me- 
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elianioaJ  contrivance,  which  is  necessarily  expensive ;  or  whether 
we  have  to  buy  a  box,  with  a  couple  of  pieces  of  german  silver 
and  two  bottles  in  it.  The  question  of  first  cost  is  a  very  strong- 
element  in  favor  of  the  Edison  meter.  Ton  can^t  afford  to  pay 
for  your  meters  almost  as  much  as  for  the  station  itself.  A  suc- 
cessful meter  must  have  two  qualities  :  it  must  be  good,  and  it 
must  be  cheap ;  and  I  think  the  Edison  meter  has  these  two 
qualities  pre-eminently. 

Prof.  Robebts  r-^As  to  the  matter  of  mechanical  meters,  etc., 
I  rather  question  whether  we  cannot  some  day  arrive  at  a  mechan- 
ical meter  which  will  be  satisfactory.  So  far  as  cheapness  is  con- 
cerned certainly  a  Waterbury  watch  is  as  cheap  as  these  two  bot- 
tles, and  two  pieces  of  german  silver,  yet  there  is  a  great  deal  of 
mechanism  in  it.  I  wish  to  bring  up  one  point  showing  how  the 
customer,  if  he  finds  any  expense  against  him,  will  want  to  econ* 
omize.  A  station  I  know  of  has  a  12  by  36  Corliss  engine.  At 
first  the  lamp  renewals  were  paid  for  by  the  company,  and  the 
current  was  furnished  by  contract,  everything  ran  beautifully  and 
the  engine  was  supposed  to  be  developing  about  65  h.  p.,  but  the 
indicator  card  showed  about  100  h.  p.,  from  6  o'clock  in  the  eve- 
ning to  about  10 ;  then  it  dropped  down  somewhat.  The  com- 
pany began  the  system  of  charging  for  lamps,  about  75  cents 
apiece.  As  soon  as  the  customer  got  a  bill  for  lamps  the  indica- 
tor card  then  showed  that  the  average  h.  p.  was  reduced  to  75. 
Therefore,  they  saved  over  25  per  cent,  of  power  just  as  soon 
as  the  customer  felt  that  the  lamp  breakage  alone  was  being 
charged  against  him.  I  do  not  doubt  the  gentlemen  who  have 
compared  the  contract  and  the  meter  systems,  can  show  even 
more  remarkable  figures  than  these.  ,^ 

Mr.  J.  Stanford  Brown: — There  is  one  point  which,  per- 
haps, you  will  consider  a  side  issue.  Into  the  construction  of 
this  meter  there  entered  one  element,  on  which  there  has  Ixien 
considerable  discussion  during  the  last  year,  namely,  german 
silver.  It  perhaps  will  not  be  out  of  place  to  enquire  whether 
they  have  any  special  standard  of  excellence  for  german  silver 
at  the  Edison  laboratory. 

Mr.  Jenks  : — As  I  said  in  general,  in  the  description,  the  best 
german  silver  that  can  be  obtained  is  used ;  i.  «.,  an  equal  qual- 
ity to  that  which  is  employed  in  making  bridges.  Of  course,  the 
standard,  so  far  as  the  construction  of  each  individual  meter  is 
concerned,  is  the  resistance,  and  that  resistance  has  to  be  deter- 
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mined  to  withut  a  very  minute  fraction  of  an  ohm,  in   placing- 
the  strip  in  the  box. 

Mb.  Chables  Wibt  : — I  happen  to  know  that  the  german  sil- 
ver nsed  in  the  Edison  meter  is  18  per  cent,  german  silver,  and 
it  gives  a  little  better  temperature  co-eflScient  than  that  quoted 
in  books,  I  believe. 

Dr.  Wheklbb  : — Do  you  make  any  test  of  german  silver  be- 
fore accepting  it  ? 

Mr.  Jenks  : — Yes,  there  are  such  tests  made.  Extraordi- 
nary pains  are  taken  to  have  a  good  quality  of  german 
silver. 

De.  Wheeleb  : — Do  you  care  to  describe  what  they  are  ? 

Mr.  Jenks  :— I  am  not  able,  at  present,  to  describe  them  to 
you.  I  think,  perhaps,  Mr.  Wirt's  statement  answers  the  ques- 
tion sufficiently. 

Mb.  Wirt: — It  is  said  that  some  electric  light  men  are  very 
prone  to  mix  what  has  been  done,  with  what  is  about  to  be 
done.  I  want  to  say  that  Mr.  Jenks  has  been  extremely  consci- 
entious in  describing  the  Edison  meter  as  it  has  been,  and  not  as  it 
is  about  to  be.  No  changes  of  a  radical  nature  have  been  made 
in  the  Edison  meter  since  it  was  first  introduced.  I  may  say, 
that  there  has  been  practically  concluded  now,  a  series  of  exper- 
iments on  the  meter,  and  they  are  getting  ready  to  offer  a  new 
meter,  which  will  be  a  great  deal  better,  in  many  respects,  i.  e.y 
in  the  cost  of  the  meter ;  in  the  decreased  cost  of  operating;  and 
in  the  much  less  strain  on  the  meter  man's  back.  It  appears  to 
us,  that,  given  a  spool  with  a  piece  of  german  silver,  the  Edison 
meter  depends  on  the  laws  of  electrolysis  and  the  chemical  bal- 
ance, and  the  chemical  balance  is  probably  the  best,  most  reliable 
and  most  sensitive  instrument  known.  So  it  appears  to  us  that 
we  do  not  need  any  large  quantity  of  zinc  to  weigh  or  carry 
about,  and  we  propose  to  reduce  it  one-half,  in  some  instances 
one-quarter,  and  in  some  instances  one-eighth,  so  that  the  box 
will  be  about  half  the  size  it  is  at  present.  The  bottle  will  be 
half  the  size  it  is  now.  In  place  of  two  bottles  there  will  be  one 
bottle.  We  will  call  on  the  balance  for  the  accuracy  we  can  get 
out  of  it,  and  call  upon  the  meter  man  for  a  little  more 
pains. 

The  Chaibman: — Are  there  any  other  speakers  ?  If  not,  the 
the  hour  has  arrived  and  gone  by  when  we  usually  adjourn.  There 
is  an  opportunity  for  further  remarks,  if  anybody  wishes  to  make- 
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them.     If  not,  the  Secretary  has  some  announcements  to  make,  I 
think. 

The  Secretary  : — Most  of  you  are  aware,  probably,  that  there  is 
to  be  an  exhibition  at  Paris  next  season  ;  and  in  connection  with 
this,  I  would  say  that  various  engineering  societies  here  have  re- 
ceived invitations  to  participate  in  meetings  held  by  different  en- 
gineering societies  on  the  other  side,  and  the  Institute  has  re- 
ceived two  letters,  one  from  the  Institution  of  Civil  Engineers, 
and  one  from  the  Society  of  Arts,  in  London.  I  wish  to  read 
these,  and  bring  to  your  attention  the  arrangements  which  are  be- 
ing made  by  the  Society  of  Mechanical  Engineers,  for  an  excur- 
sion to  Europe. 

The  Seoketary  then  read  the  communications  referred  to  as 
follows : 

SOCIETY  OP  ARTS. 
John  Street,  ADKLPm,  London.  W.  C. 

December  8th,  1888. 
Sir  : — The  Council  of  this  Society  has  been  given  to  understand  that  a  visit 
of  American  Engineers  to  this  country  during  the  spring  or  summer  of  next 
year  is  in  contemplation. 

The  Council  will  be  very  glad  if  the  Society  of  Arts  can  in  any  way  facilitate 
the  visit  of  your  members  to  England,  or  render  their  stay  here  more  pleaaant 
They  will  be  glad  to  place  the  rooms  of  the  Society  at  their  disposal ;  and  if 
their  vi&it  should  coincide  with  the  Society's  Annual  Conversazione  in  June, 
they  will  be  very  pleased  to  see  as  guests  on  that  occasion  such  of  your  mem- 
bers as  may  be  able  to  attend. 

We  have  the  honor  to  be,  Sir, 

Your  obedient  servants, 

Abbbcorn,  Chairman  of  CouncU. 
H.  Trubman  Wood,  Secretary. 
The  Secretary  of  Vie  American  Imtitute 
of  Electrical  Engineers, 
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26  Grbat  Gborob  St.,  Wbstminbtbr,  S.  W.,  | 
November  28d,  1888.      f 

To  the  Secretary  of  the  American  Institute  of  Electricaf  Engineers,  New   York 
City,  U.S. 

Sir  : — It  is  reported  that  many  engineers  from  the  United  States  will  proba- 
l)ly  visit  Europe  during  the  International  Exhibition  which  is  to  be  held  in  Paris 
in  1889. 

In  view  of  this,  the  Council  of  the  Institution  of  Civil  Engineers,  at  the  first 
meeting  of  the  present  session,  directed  an  inquiry  to  be  addressed  to  you  to 
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ask :  Iftt  Whether  this  report  is  correct,  and,  if  so,  whether  your  Institute  can 
give  any  idea  of  the  number  of  yo  .r  members  likely  to  come ;  2d.  Whether 
they  will  travel  by  way  of  England  ;  and  8d.  What  may  be  expected  to  be  the 
approximate  date  of  their  arrival  and  the  duration  of  their  stay  in  this  country. 
The  object  of  this  inquiry  is  to  enable  the  Council  to  consider  the  possibility 
of  making  such  arrangements  as  may  best  tend  to  further  the  objects  which  the 
visitors  have  in  view,  and  to  render  their  visit  as  useful  and  agreeable  as  pos- 
sible. 

The  Council  need  hardly  assure  yon  of  its  good  will  towards  its  professional 
brethren  in  the  United  States,  and  of  its  desire  to  embrace  this  opportunity  of 
manifesting  its  friendly  feeling  to  the  utmost  of  its  power. 

Of  course,  in  any  case,  the  facilities  afforded  by  this  Institution  are  always 
at  the  disposal  of  your  members. 

We  are,  yours  faithfully, 

Gborgs  B.  Bbucb,  President. 
William  PoLB,        Hon.  Secretary. 
James  Forrest,        Secretary. 

The  Skorbtaby  : — About  a  week  after  the  circulars  of  inquiry 
as  to  whether  the  members  expected  to  go  abroad  this  summer, 
were  issued  by  Secretary  Hutton,  of  the  Am.  Soc.  of  Mech.  Eng., 
I  was  informed  that  they  had  already  received  affirmative 
responses  from  75  members;  so  it  appears  that  it  is  prob- 
able that  this  arrangement  of  a  special  steamer  can  be 
carried  out.  I  am  in  negotiation  with  him  now,  in  regard 
to  the  preparation  of  our  own  circulars  in  order  to  ob- 
tain the  same  facts  from  our  own  members.  I  bring  it  up  to- 
night in  order  to  give  you  this  information  in  advance,  to  guide 
you  in  arranging  for  your  vacation,  and  to  induce  you  to  save 
your  money  meanwhile.  The  next  meeting  of  the  Institute  for 
the  discussion  of  papers  will  be  held  on  Tuesday,  January  8th. 
The  subject  of  the  paper  will  be  "  Lightning  Arresters,  and  the 
Photographic  Study  of  Self-induction,"  with  numerous  illustra- 
tions and  experiments,  by  E.  G.  Acheson,  [Member ;  Electrician 
of  the  Standard  Underground  Cable  Company. 

Adjourned. 
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AMERICAN    INSTITUTE    OF    ELECTRICAL 
ENGINEERS. 


Vol.  VI.  New  York,  March,  1889.  No.  3. 


The  thirty-first  meeting  of  the  Institute  was  held  at  the 
College  of  the  City  of  New  York,  17  Lexington  Avenue,  on 
Tuesday,  January  8th,  1889.  The  meeting  was  called  to  order 
by  the  Secretary  at  8  p.m. 

On.  motion  of  Mr.  T.  C.  Martin,  Mr.  Francis  W.  Jones  was 
elected  Chairman  of  the  meeting. 

The  Chairman  : — Gentlemen,  as  there  is  no  routine  business 
to  be  transacted,  I  will  not  keep  you  waiting,  but  will  avail  my- 
self of  the  pleasure  of  introducing  Mr.  E.  G.  Acheson,  Member 
of  the  Institute,  who  has  kindly  volunteered  to  give  us  a  paper 
upon  Lightning  Arresters  and  the  Photographic  Study  of  Self- 
induction. 

Mr.  Acheson  then  read  the  following  paper : 
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LIGHTNING  ARRESTERS  AND  THE 
PHOTOGRAPHIC  STUDY  OF  SELF-INDUCTION. 


BY  K.  O.  ACHE80N. 


If  in  the  opinion  of  any  an  apology  is  required — and  it  is 
thought  that  such  will  be  the  case— for  thus  presenting  a  subject 
that  is  in  any  of  its  parts  a  reproduction  of  the  experimental 
work  of  such  authorities  as  Professor  Hughes,  Professor  Lodge, 
Dr.  Hertz  and  others,  the  excuse  is  offered  that  the  original 
motive  for  entering  into  the  series  of  experiments  referred  to  in 
this  paper  was  a  legitimate  one,  namely — the  clearing  away  of 
a  little  fog  surrounding  some  annoying  phenomena  attending  the 
working  of  cables  of  electric  conductors.  The  investigations  be- 
came so  interesting,  so  striking  and  suggestive,  and  some  of  the 
results  appeared  to  have  such  a  value,  that  it  was  believed  they 
would  afford  sufficient  excuse  for  this  presentation. 

While  the  measurements  made  during  these  investigations 
were  not  so  accurate  as  it  would  be  possible  to  obtain  with  more 
refined  instruments,  the  probable  errors  were  not  so  great  as  to 
make  them  wholly  valueless,  care  in  the  readings  and  many  de- 
terminations checking  to  a  great  extent  the  errors  due  to  the 
crudeness  of  the  apparatus.  Appreciating  the  fact  that  un- 
truthful results  are  less  desirable  than  none,  owing  to  their  mis- 
leading effects,  it  is  intended  to  impress  the  fact  that  the  deter- 
minations contained  in  this  paper  can  at  best  only  serve  as  a 
possible  guide  for  future  work  of  a  more  complete  and  accurate 
character.  It  is  also  to  be  hoped  that  they  may  promote  the 
already  lively  interest  displayed  by  the  scientific  world  in  dis- 
charges, and  the  sometimes  oscillatory  character  of  electric 
currents. 

The  mass  of  material  and  composite  character  of  the  work  to 
be  presented  will  necessitate  considerable  care  in  selecting  the 
order  of  presentation,  and  it  is  believed  that  the  subject  can  be 
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more  easily  followed  if  the  thoughts  and  experiments  succeed 
each  other  in  the  order  in  which  they  occurred  to  the  experi- 
menter, and  this  plan  will  be  followed  even  when  the  after 
thought  is  of  the  greater  importance. 

As  previously  stated,  the  primary  motive  from  which  followed 
this  series  of  experiments  was  the  clearing  up  of  some  un- 
certainty as  to  the  cause  of  a  few  annoying  troubles  in  electric 
ciftbles.  But,  to  be  more  precise,  it  was  desired  to  determine  the 
cause  of  the  occasional  "  grounding "  and  failure  of  cables  used 
in  telegraphic  and  telephonic  service,  when  to  all  outward  ap- 
pearances they  were  perfect  in  construction,  protected  with 
lightning  arresters,  and  immediately  before  the  moment  of 
grounding  indicated  high  insulation  resistances.  A  case  of  this 
kind  presented  itself  for  solution,  in  which  there  were  some 
features  of  peculiar  attraction  to  an  investigator.  It  was  a  cable 
containing  five  wires  about  one  mile  in  length,  and  of  that 
design  known  as  anti-induction,  the  cross-section  being  star- 
shaped,  each  conductor  having  a  surrounding  wall  of  lead.  It 
was  used  for  telegraph  work,  and  the  conductors  were  connected 
at  the  ends  to  overhead  lines,  lightning  arresters  being  provided 
for  the  protection  of  the  cable ;  the  terminals  of  the  cable  were 
on  poles  some  twenty  feet  in  height.  The  ground  plates  of  the 
arresters  were  connected  to  the  earth  in  the  usual  manner ;  that 
is,  by  wires  running  down  the  poles  to  plates  m  the  ground. 

This  cable  was  continually  getting  into  trouble,  the  conductors 
becoming  solidly  "grounded,"  and  upon  examination  it  was 
found  that  the  "  grounds  "  were  caused  by  little  kernels  or  spots 
of  carbonized  insulation.  It  was  at  the  first  moment  thought 
that  these  had  been  introduced  in  the  manufacture  of  the  cable, 
but  their  repeated  formation  emphatically  declared  against  this 
theory  and  made  it  imperative  to  learn  the  true  cause.  It  was 
not  probable  that  they  were  produced  by  the  working  currents, 
for  they  were  of  comparatively  low  electromotive  forces,  while 
the  presence  of  the  lightning  arresters  would,  in  accordance  with 
the  prescribed  rules  of  their  action,  render  it  wholly  unlikely 
that  they  could  have  been  produced  by  lightning. 

A  close  study  of  the  experiments  of  Professor  Hughes  of  self- 
induction,  and  of  Professor  Lodge  on  the  "alternative  path"  had 
produced  an  unsettled  condition  of  my  ideas  as  to  the  real  value 
of  a  lightning  arrester.  The  work  of  these  investigators,  together 
with  some  few  experiments  of  my  own,  had  pro^i^cej(|  a  feeling  ^ 
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of  interest  as  to  the  efficiency  of  even  the  befet  arranged  arresters 
as  connected  in  ordinary  practice.  I  was  prepared  to  believe  this 
to  be  a  practical  live  case  of  a  well-mounted  and  connected  liglit- 
ning  arrester  not  protecting.  It  even  seemed  possible  that  the 
cable  itself  was,  in  reality,  protecting  the  protector,  when  viewed 
in  the  light  of  Professor  Lodge's  '*  alternative  path  "  experiment. 

In  order  to  come  to  some  definite  and  practical  conclusion  as 
to  the  possibility  of  these  troubles  having  been  produced  by 
lightning,  a  series  of  experiments  was  undertaken  on  lines  some- 
what analogous  to  those  of  Professor  Lodge. 

In  Figure  1,  the  general  and  important  conditions  of  a  cable 
placed  in  the  earth  and  provided  with  hghtning  arresters  as  usu- 
ally connected,  are  outlined.  In  the  figure,  k  represents  the  cable, 
L  the  line  wire,  and  w  the  ground  wire  connecting  the  protector 
c  to  the  ground  plate  g. 


EARTH 


Fig.  1. 


It  is  generally  supposed  that  lightning — or  an  electrical  dis- 
charge, as  I  prefer  to  call  it — produced  by  the  difference  of  poten- 
tial between  the  cloud  above  the  wire  l,  and  the  earth  beneath, 
would,  npon  striking  the  wire,  pass  to  the  lightning  arrester  c.  jump 
across  the  space  separating  the  points  to  the  wire  w  and  thence 
to  the  earth,  or  the  reverse,  as  the  case  may  be.  But  while  this 
is  probably  the  case  in  many  instances,  it  has  not  yet  been  satis- 
factorily demonstrated  that  there  have  not  also  been  many  cases 
where  this  plan  of  procedure  was  materially  departed  from,  the 
discharge  making  a  path  for  itself  through  the  cable  and  the  in- 
sulation, or  perhaps  dividing  itself  between  both  routes.  In  order 
to  obtain  more  clearly  defined  ideas  of  the  action  of  a  discharge 
under  these  conditions,  the  apparatus  shown  in  Fig.  2  was  used, 
in  which  it  will  be  seen  that  the  fundamental  features  and  the 
connections  of  Fig.  1  are  reproduced  for  experimental  work,  the 
clond  being  represented  by  the  inner  coating  of  the  Leyden  jar  j, 
and  the  earth  by  the  outer  one,  the  charge  being  produced  by 
a  Holtz  machine,  of  which  m  and  n  are  the  conductors.  ^iThe 
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long  length  of  the  cable  in  Fig.  1  is  replaced  by  a  short  one,  k. 
As  before,  l  represents  the  line  wire,  and  in  this  case  is  connected 


Fig.  2. 
directly  to  the  conductor,  o,  in  the  cable.  The  lightning  arrester, 
is  replaced  by  an  equivalent,  c,  composed  of  two  points  separated 
an  appropriate  distance.  The  wire  w  is,  as  before,  the  ground 
wire  connecting  c  in  the  former  case  to  the  earth,  and  in  the  lat- 
ter to  its  equivalent,  the  outside  of  tlie  jar ;  the  lead  covering  of 
K  is  also  connected  by  means  of  a  short  wire  to  the  same  outer 
surface.  While  in  Fig.  1  the  point  on  the  line  l  which  is  struck 
by  lightning  is  subject  more  or  less  to  accidental  conditions,  it  is 
in  the  case  of  Fig.  2  selected  and  adjusted  by  the  ball  x,  as  is  also 
the  value  of  the  energy  of  action,  by  the  areas  of  the  surfaces  on 
the  jar  j  and  the  length  of  the  striking  distance,  a. 

With  the  apparatus  arranged  as  just  described  and  illustrated, 
it  was  quickly  determined  that  a  discharge  could  with  great 
ease  be  caused  to  pass  through  the  insulation  of  the  cable, 
even  when  the  space  c  was  but  a  fraction  of  the  distance 
through  the  insulation,  and  the  length  of  w  a  few  inches  of 
stout  copper  wire.  The  current  of  discharge  seemed  to  divide 
itself,  a  portion  passing  by  w  producing  a  spark  at  c,  and  another 
portion  passing  through  the  cable.  A  few  more  experiments  also 
demonstrated  that  the  wire  w  had  apparently  as  much  influence 
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on  the  results  as  the  space  c,  and  consequently  it  became  neces- 
sary to  analyze  the  combination  more  completely  to  detgjm|mia 
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the  relative  values  of  c  and  w.  Witli  this  object  in  view,  the 
cable  K  was  thrown  out  of  the  combination,  Mmd  the  connections 
simplified  to  those  shown  in  Fig.  3.  On  close  examination  they 
will  be  found  to  be  in  every  way  similar  to  those  in  Fig.  %  with 
the  exception  of  the  replacing  of  the  insulation  of  the  cable  k 
widi  a  clear  air-space  b,  and  instead  of  connecting  l  to  the  con- 
ductor o  it  is  here  connected  to  a  post  p.  The  spaces  c  and  b 
were  both  adjustable  to  a  fairly  accurate  degree,  b  being  easily 
readable  to  thousandths  of  an  inch. 

The  system  of  experimentation  was  to  take  a  certain  length  of 
wire,  w,  adjust  a  and  o  to  known  values,  and  then  adjust  b  so 
that  one  spark  would  occur  there  for  about  every  ten  at  a,  and 
after  having  noted  the  length  of  the  spark  b  a  few  inches  would 
be  cut  off  from  w  and  b  readjusted  and  again  noted ;  this  being 
repeated  until  w  was  wholly  consumed.  The  values  of  b  for  these 
various  lengths  of  w  and  a  known  length  of  o  having  been  ob- 
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tained,  a  wire  similar  to  the  original  w  was  substituted  for  the 
former,  and  c  having  been  removed  from  the  circuit,  as  shown  in 
Fig.  4,  a  similar  set  of  tests  were  made,  and  the  differences  be- 
tween the  results,  with  and  without  c,  indicated  the  true  values 
of  c  and  w  in  the  combination,  while  the  results  with  w  alone 
show  the  value  of  each  additional  inch. 

In  plate  a  the  results  of  these  measurements  have  been  plotted 
into  curves.  The  length  of  w  in  inches  is  plotted  horizontally, 
while  B  in  thousandtlis  of  an  inch  is  laid  out  vertically.  The  ca- 
pacity of  the  jar  j  was  .0025  m.  f .,  and  a  was  retained  uniformly 
at  .286  of  an  inch.  The  full  line  curve  is  that  of  w  without  c  in 
the  circuit,  while  the  dotted  one  is  that  obtained  with  it  in.  The 
length  of  0  was  .02  of  an  inch,  and  w  for  both  tests  was  composed 
of  a  copper  wire  having  a  diameter  of  .052  of  an  inch. 

A  brief  study  of  these  curves  teaches  that,  when  w  is  but  a 
few  inches  in  length,  o  plays  a  very  important^.p^iJ^p  determin- 
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ing  the  length  of  b,  and  also  that  its  influence  rapidly  vanishes 
as  w  is  lengthened,  and  actually  produces  an  opposite  effect  after 
a  certain  length  of  w  has  been  arrived  at.  Thus,  with  w  20 
inches  long,  c  has  a  value  equal  to  59  per  cent,  of  the  total 
circuit;  at  110  inches  it  appears  to  have  no  value,  while  at  180 
inches  the  value  of  the  compound  circuit  is  about  7  per  cent, 
less  than  w  alone.     These  points  are,  however,  of  even  less  im- 
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portance  than  the  lesson  to  be  learned  from  the  study  of  the 
curve  of  the  results  obtained  from  w  alone.  Here  is  a  case 
where  a  relatively  small  amount  of  energy  contained  on  the  sur- 
faces of  the  jar  j  will,  when  discharged  into  the  circuit  composed 
of  the  air  space  a  and  the  wires  l,  w  and  e  cause  the  passage  of 
energy  in  the  form  of  a  spark  at  the  point  b  of  a  length  of  over 
one-third  of  an  inch,  and  this  when  the  wire  w  is  but  20  feet  inC 
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length,  or  that  of  an  ordinary  ground  wire  down  a  telegraph 
pole. 

This  does  not  look  very  encouraging  for  lightning  arresters 
with  long  ground  connections,  and  rather  puts  to  ridicule  the 
fine  adjustment  of  the  points  of  these  devices.  The  subject  will, 
however,  stand  more  than  a  little  study  and  investigation  before 
forming  judgment,  and  perhaps  the  arrester  is  all  right  after  all, 
in  so  far  as  the  close  adjustment  is  concerned,  even  if  the  long 
ground  connection  does  have  to  go. 

Those  who  are  familiar  with  the  recent  investigations  of  Pro- 
fessor Lodge,  investigations  so  exceedingly  interesting  and  now 
so  celebrated  that  few  there  are  who  have  not  made  themselves 
familiar  with  them,  will  at  once  have  recognized  in  Fig.  4  con- 
nections very  similar  to  those  used  in  the  experiment  of  the 
"  alternative  path,"  by  Professor  Lodge.  The  results  obtained 
by  him  and  in  the  present  experiments  are  in  the  main  the  same, 
and  those  differences  that  do  exist  are  probably  to  be  attributed 
to  the  following  facts :  Professor  Lodge's  work  was  done  with 
instruments  of  great  precision,  the  sparks  were  always  produced 
between  balls  or  rounded  surfaces,  and  the  object  was  to  deter- 
mine laws  and  formulate  their  mathematical  expressions ;  while, 
on  the  other  hand,  the  experiments  now  being  described  were 
made  in  some  cases  under  the  most  difficult  conditions,  with  ap- 
paratus limited  to  a  most  exceptional  degree  both  in  quality  and 
quantity,  a  certain  portion  of  the  sparks  were  produced  between 
points,  and  the  object  in  view  was  to  dissect,  analyze  and  sub- 
jugate the  phenomena  under  examination  to  and  for  the  benefit 
of  practical  work,  the  every  day  affairs  of  the  electrical  pro- 
fession. 

It  is,  however,  exceedingly  difficult  to  avoid  a  little  specula- 
tion, now  and  then,  as  the  subject  unfolds  itself,  and  it  is  hoped 
the  experimenter  may  be  pardoned  for  any  references  that  may 
be  made  to  the  theories  that  have  been  the  immediate  cause  of 
some  of  his  researches.  It  is  even  hoped  that  the  work  per- 
formed may  atone  for  the  views  about  to  be  advanced,  notwith- 
standing the  fact  that  they  are  quite  contrary  to  those  deduced 
by  so  high  an  authority  as  Professor  Lodge. 

After  a  considerable  portion  of  this  work  had  been  done  and 
the  conclusions  more  or  less  formulated,  I  was  much  pleased  and 
greatly  strengthened  in  the  opinions  then  being  formed  to  learn 
through  a  letter  from  Professor  Huglies  to  Professor  Lodge, 
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published  in  the  London  ElectAoian^  issue  of  September  28, 
1888,  that  Professor  Hughes  had,  at  least  formerly,  held  the 
same  views  of  the  "  alternative  path "  that  I  had  formed,  and 
which  will  now  be  presented  in  connection  with  what  is  thought 
to  be  experimental  demonstration  of  their  truthfuhiess. 

Keferring  to  Fig.  4,  it  will  be  seen,  as  has  already  been  stated, 
the  conditions  and  arrangements  of  w  and  b  are  such  as  to  pro- 
duce and  actually  constitute  the  "  alternative  path,"  as  shown  by 
Professor  Lodge.  The  simple  assertion  that  they  are  alternative 
paths  does  not,  however,  make  them  such,  and,  while  they  may 
nnder  certain  conditions  and  adjustments  become  so,  it  is  possible 
to  conceive  of  their  being  otherwise.  It  is  not  beyond  the 
bounds  of  reason  to  assume  that  the  energy  that  has  been  dis- 
charged from  the  jar  j,  traversing  the  wire  w,  produces  in  it  a 
condition  that  may  be  termed  electrification  /  and  on  the  dis- 
appearance of  the  controlling  influence  of  this  energy,  would 
not  the  wire  w  return  with  an  almost  infinite  rapidity  to  its 
original  non-electrified  condition,  and,  in  doing  so,  produce  as 
the  result  of  this  enormous  rapidity  of  motion,  an  electromotive 
force  at  its  terminals  of  a  greater  value  than  that  of  the  original 
energy  ?  In  other  words,  will  there  not  be  a  restoration  of  the 
energy  expended  in  distorting  the  lines  of  energy  within  the 
wire,  and  this  restoration  being  performed  in  a  shorter  interval 
of  time  than  that  occupied  in  its  production,  will  not  a  higher 
electromotive  force  be  obtained  even  though  the  value  of  the 
return  would  be  less  than  that  of  the  original  to  an  extent  equal 
to  the  losses  due  to  the  internal  friction  of  the  mass  ? 

This  being  the  case,  this  current  of  discbarge  from  the  wire — 
which  was  first  discovered  by  Henry  and  investigated  by  Fara- 
day and  called  by  him  the  extra  ourrent — would,  owini^  to  its 
greater  electromotive  force,  jump  the  space  b  and  thus  close  its 
circuit,  even  when  the  distance  was  such  as  to  prohibit  the  pas- 
sage of  the  original  current  as  discharged  from  the  jar  j. 

Jt  seems  as  though  this  might  be  the  case,  and,  if  it  is,  then 
the  discharge  that  was  obtained  through  the  insulation  of  the 
cable  in  Fig.  2  need  not  have  been  a  part  of  the  original  current 
from  the  jar  j,  but  the  current  discharged  from  the  wire  w.  If 
it  was,  a  shortening  of  w  would  tend  towards  overcoming  the 
difficulty.  To  test  the  case  a  short  wire  r  was  attached  to  the 
lead  and  bent  out  over  the  insulation  so  as  to  present  a  point  to 
the  conductor  o,  the  distance  between  the  poy^^i^gjiJ^CJ^jfO^fe 
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ductor  being  about  the  same  as  the  thickness  of  the  insulation  ; 
w  was  now  removed,  as  was  also  c.  It  will  be  seen  that  e,  the 
lead  of  the  cable  k,  the  short  wire  r  and  the  space  separating  its 
end  from  the  conductor  o,  form  an  equivalent  to  w  and  c.  With 
this  arrangement  it  was  not  possible  to  cause  a  dischar^  to  pafi& 
through  the  insulation. 

Naw:,  Mfwwi'ftanee  with  the  views  which  have  seemed  to  me 
most  probably  true,  this  change  is  due  to  the  reducing  of  the 
length  of  the  path  w,  and  which  is  now  composed  of  r,  e  and  the 
lead  of  the  cable,  this  deduction  resulting  in  a  subsequent  low- 
ering of  the  potential  of  the  extra  or  self-induced  cxirrent.  But 
if  the  theory  of  Professor  Lodge's  "alternative  path"  is  correct^ 
then  the  change  would  be  due  to  a  removal  from  the  path  w  of  a 
certain  amount  of  resistance,  which  has  been  termed  by  Mr. 
Oliver  Heaviside,  impedmwe. 

We  here  have  an  apt  illustration  of  inertia  under  the  American 
and  English  definitions,  as  so  forcibly  stated  by  Professor  Ayrton, 
As  I  have  presented  it,  the  spark  b  is  the  result  of  inertia,  with 
the  American  definition — a  resistance  to  stopping.  While  Pro- 
fessor Lodge's  theory  would  account  for  it  by  inertia  with  the 
English  interpretation  of  that  word — a  resistance  to  motion. 

Accepting  the  belief  that  the  spark  b,  when  adjusted  to  the 
critical  point,  was  caused  by  the  self-induction  of  the  wire  w,  a 
variety  of  experiments  were  made  with  the  desire  of  obtaining 
experimental  proof  of  the  theory.  Repeated  occasions  presented 
themselves  for  mathematical  work,  and  if  time  and  attention 
could  have  been  given  in  that  direction,  the  results  would  un- 
questionably have  been  of  interest  and  value,  but  the  work  was 
perforce  restricted  to  the  more  limited  confines  of  experiment  and 
reasoning.  The  first  experiment  of  the  series  was  to  replace  the 
wire  w  in  Fig.  4  with  one  of  smaller  diameter,  and  le-determine 
the  value  of  b  in  the  manner  already  used  for  a  copper  wire  hav- 
ing a  diameter  of  .052  of  an  inch,  and  of  which  the  results  have 
been  plotted  in  plate  a. 

Before  presenting  the  experimental  results,  it  is  desirable  to 
consider  what  might  be  expected  from  these  changed  conditions. 
There  will  in  all  cases  be  practically  the  same  amount  of  energy 
discharged  into  the  circuit,  for  the  areas  of  the  condensing  sur- 
faces on  the  jar  j  remain  constant,  the  length  of  the  striking 
distance  a  also  remains  uniform,  and  while  it  is  true  that  the  re- 
sistance of  w,  as  measured  by  a  Wheatstone  bridee,  woi 
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inversely  as  the  square  of  the  diameter,  the  resistance  of  the  com- 
plete circuit  of  discharge  is,  owing  to  the  air  space  a,  practically 
infinite,  and  hence  the  relatively  trifling  resistance  of  w,  even 
when  of  the  finest  wire,  may  be  wholly  neglected. 

The  theory  that  the  self-induced  or  extra  current  in  a  wire  is  a 
recoil  action,  is  based  primarily  upon  the  hypothesis  that  there 
#rifltfij  before  the  electrifying  current  is  discharged  into  the  cir- 
cuit, a  prior  «l«te—4lie  eUctro-tonic  state  of  Faraday.  This  elec- 
tro-tonic  condition  consists  in  the  enstence  of  Thiee  of  wigig^ — 
thermal  they  may  be — ^with  directions  coinciding  with  the  radii 
of  the  wire ;  these  lines  or  axes  of  energy  being  surrounded  by 
circular  lines  of  magnetic  force.  An  electrical  current  being 
discharged  through  such  a  wire  would  cause,  under  the  influence 
of  its  well-known  magnetic  whirls  or  circles,  whose  planes  are  at 
right  angles  to  the  line  of  propagation  and  in  this  case  to  the  axis 
of  the  wire,  a  deflection  of  the  planes  bounded  by  the  closed  hues 
of  magnetic  force  surrounding  the  radial  lines  of  energy  which 
are  within  the  wire.  The  work  of  producing  this  deflection 
would,  I  think,  constitute  what  is  known  as  the  variable  resist- 
ance which  meets  a  sudden  discharge,  and  which  was  made  the 
subject  of  that  grand  paper  on  "  Self-induction "  by  Professor 
Hnghes  before  the  Society  of  Telegraph  Engineers,  at  their 
meeting  of  January  28,  1886.  This  deflecting  of  the  radial  lines 
of  energy,  while  constituting  a  resistance  to  the  inducing  current, 
is  also,  the  source  of,  or  rather,  during  the  act  of  deflecting,  pro- 
duces, an  electromotive  force  contrary  to  that  of  the  inducing 
current.  This  counter  electromotive  force  exists  only  during  the 
interval  of  deflection,  an<l  (juickly  vanishes  from  the  path  of  the 
inducing  current.  On  the  moment  of  the  interruption  of  the  in- 
ducing current,  and  consequent  withdrawal  of  its  attending  mag- 
netic whirls  or  circles,  the  deflected  radial  lines  of  energy  swing 
back  to  their  radial  positions,  producing  by  their  motion  an  elec- 
tromotive force  of  such  a  direction  as  to  form  a  current  in  the 
same  direction  as  that  of  the  inducing  current.  This  return 
swing  or  recoil,  as  of  a  spring  suddenly  releafeed,  is  of  such  a 
velocity,  and  overlapping,  probably,  what  might  be  likened  to 
the  tail  end  of  the  disappearing  inducing  current,  produces  a  mo- 
mentary electromotive  force  of  a  value  higher  than  that  of  the 
original  current.  These  being  the  actions  of  the  forces  and  ener- 
gies, it  now  becomes  necessary  to  understand  what  differences,  if 
any,  the  size  of  the  wire  through  which  the  oririnal  ^WWKklp 
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discharged  will  have  upon  the  value  of  the  induced,  or,  as  it  is 
more  generally  termed,  the  self -induced  electromotive  force.  All 
of  the  experiments  and  considerations  will  be  made  under  the 
conditions  of  a  constant  capacity  for  the  jar  j  and  uniform  lengtla 
of  A,  and  consequently  one  value  for  the  energy  discharged  into 
the  circuit.  In  all  cases  there  will,  of  course,  be  a  certain  amount 
of  the  energy  that  has  been  discharged  into  the  wire  lost  and 
converted  into  heat.  This  lost  energy  will  be  greater  in  value 
in  the  smaller  wire  than  in  the  larger  in  a  proportion  inversely 
as  their  diameters.  This  greater  loss  in  the  small  wire  and  re- 
sulting reduction  in  the  available  inducing  energy  would,  of 
course,  tend  to  produce  a  diminution  of  the  self -induced  current. 
This  reduction  is,  however,  exactly  offset  by  the  greater  concen- 
tration of  the  inducing  energy,  its  inducing  valuc/^  ^^h 
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increased  in  a  proportion  inversely  as  the  diameters  of  the  wires. 

It  is  feared  this  argument  has  become  tiresome,  and  an  im- 
mediate relief  will  be  found  in  plate  b,  where  I  have  plotted  two 
curves ;  one,  the  full  line  curve,  is  the  same  as  that  shown  in  plate 
A,  and  was  produced  as  formerly  stated.  The  dotted  line  curve 
was  made  with  a  wire  of  copper  having  a  diameter  of  .032  of  an 
inch.  The  two  curves  are  so  nearly  alike  as  to  permit  of  the  be- 
lief that  they  are  in  reality  the  same,  and  that  the  slight  differ- 
ences existing  are  due  to  errors  of  measurement.  Here  is  experi- 
mental proof  that  the  electromotive  force  of  the  self-induced 
current,  as  measured  by  the  spark  b,  remains  constant  as  long  as 
the  energy  discharged  into  the  circuit  is  of  uniform  value,  and  is 
wholly  independent  of  the  diameter  of  the  wire,  and  this  seems 
to  give  countenance  to  the  argument  immediately  preceding. 

It  is  more  than  probable  that  those  who  liave  been  following 
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the  subject  closely  will,  before  this  time,  liave  had  the  question 
asked,  from  somewhere  within :  "  How  would  these  curves  on 
Plate  B  have  looked  had  one  been  made  with  an  iron  wire  ? " 
The  answer  is  ready  at  hand  on  Plate  c.  It  is  not  exactly  an 
answer  to  the  question  as  stated,  for  there  are  here  shown  two 
curves,  one  produced  with  an  iron  wire  and  the  other  with  a 
copper  wire,  but  both  are  of  the  same  diameter,  .052  of  an  inch. 
The  curve  of  the  copper  wire  is  the  one  you  are  already  familiar 
with. 

This  paper  has  even  now  attained  such  proportions,  and 
there  are  yet  so  many  points  to  present,  that  notliing  more  than 
a  moment's  glance  at  these  curves  can  be  offered.  A  study  of 
them  teaches  that  for  lengths  of  40  inches,  copper  and  iron  will, 
when  acted  upon  inductively  by  discharges  of  one  value,  furnish 
self-induced  currents  of  like  electromotive  forces.  From  40  to 
110  inches  they  show  slightly  different  values,  while  beyond  this 
length  their  efficiencies  rapidly  diverge ;  that  of  the  iron  running 
much  lower  than  that  of  the  copper,  and  apparently  fast  ap- 
proaching a  maximum.  As  a  means  of  accounting  for  these 
different  efficiencies,  I  would  suggest  this  theory.  Up  to  40 
inches  of  length  the  time  occupied  by  the  passage  of  the  dis- 
charged current  was  too  short  to  permit  of  any  magnetic  effects 
occurring  in  the  iron,  and  consequently  the  wire  was  equivalent 
to  its  neighbor,  the  copper;  from  40  to  110  inches  sTnall  mag- 
netic effects  were  produced,  resulting  in  a  lag  or  retardation  of 
the  velocity  of  the  recoil  deflection  of  the  radial  lines  of  energy, 
and  resulting,  of  course,  in  a  lowering  of  the  electromotive  force 
of  the  self-induced  current ;  beyond  110  inches,  the  time  of  dis- 
charge rapidly  increased  in  duration,  and  thereby  produced  the 
decided  flattening  of  the  curve,  as  shown. 

There  is  one  more  set  of  curves  to  present :  They  are  shown 
in  Plate  d.  and  were  made  with  the  object  in  view  of  determin- 
ing the  effect  of  a  variation  in  the  amount  of  energy  discharged 
into  the  circuit.  Experiments  were  made  with  both  copper  and 
iron  wires ;  the  curve  of  the  copper  is  plotted  in  above  that  of 
the  iron  one.  In  the  plate,  the  capacities  of  j  in  millionths  of  a 
microfarad  are  plotted  horizontally,  while  the  lengths  of  the  b 
sparks  in  thousandths  of  an  inch  are  plotted  vertically.  The 
length  of  the  a  spark  was,  as  before,  .286  of  an  inch.  I  was 
prepared  to  see  the  b  spark  increase  as  the  energy  discharged  in- 
creased ;  but  I  was  wholly  unprepared  to  have  it  decreiwe  as  the 
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result  of  added  energy  after  a  certain  point  had  been  arrived  at, 
and  still  less  prepared  to  obtain  the  wavy  curves,  as  shown. 

Time  will  not  permit  of  entering  into  any  consideration  of  the 
peculiarities  of  these  curves. 

There  is  a  little  experiment,  the  record  of  which  I  wish  to  in- 
terline at  this  point ;  it  may  answer  a  question,  and  perchance 
wet  the  powder  of  some  intending  questioner.  Looking  over 
my  sketches  and  coming  to  Fig.  3,  the  thought  struck  me  that 
an  error  might  have  been  introduced  into  the  experiment  where 
the  o  spark  formed  a  part  of  Professor  Lodge's  "alternative 
patli,"  due  to  there  being  no  connection  having  other  than  an  in- 
finite resistance  between  the  ball  x  and  the  outer  coating  of  j, 
while  in  all  of  the  other  experiments  there  was  the  circuit 
formed  by  w.  It  seemed  possible  that  this  change  might  have 
produced  a  diflEerent  value  for  the  energy  of  the  discharged 
current,  as  the  difference  of  potential  between  m  and  x  might  be 
altered.  To  decide  the  question,  the  connections  as  shown  in 
Fig.  4  were  used.  The  balls  forming  the  terminals  of  the  Holtz 
machine  were  caused  to  approach  each  other  until  the  discharges 
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occurred  aboat  an  equal  number  of  times  between  them  at  d  and 
at  A.  Next  the  space  b  was  adjusted  to  the  critical  length.  If 
the  existence  or  non-existence  of  the  wire  w  and  resulting 
metallic  connection  between  x  and  j  influenced  the  value  of  the 
potential  discharge,  its  removal  ought  to  lower  the  potential 
difference  between  m  and  x,  and  cause  all  of  the  discharges  to 
occur  at  d.  The  experiment,  however,  did  not  prove  this  to  be 
true,  the  removal  or  replacement  of  w  having  no  apparent  effect 
upon  the  number  of  the  discharges  that  occurred  at  a  and  d  ; 
but,  of  course,  when  it  was  removed  every  spark  at  a  caused  one 
at  B. 

A  few  experiments  were  now  made  to  determine  the  eflfect 
various  portions  and  positions  of  the  parts  of  the  wire  w  would 
have  upon  other  portions  of  itself.  The  connections  shown  in 
Fig.  4  were  used.  A  length  of  50  inches  of  cotton-covered  cop- 
per wire,  with  a  diameter  of  .033  of  an  inch  was  used  for  the  wire 
w.  It  was  arranged  in  the  form  of  a  circle,  a  was,  as  before, 
.286  of  an  inch,  and  the  capacity  of  j  was  .0025  m.  f.  The  critical 
point  of  B  was  found  for  these  conditions,  and  w  was  then  formed 
into  a  figure  whose  two  sides  were  parallel,  and  b  was  measured 
for  various  distances  between  the  two  sides.  These  distances 
were,  however,  only  approximate. 
Position  of  w.  b  in  inches. 

Circle 182 

3i  inches 170 

2.i  inches 137 

2  inches 137 

1^  inches 137 

1  inch 137 

i  inch 114 

i  inch 050 

The  next  experiment,  illustrated  in  Fig.  5,  was  to  take  the 
Bame  wire,  w,  and  coil  it  upon  a  paper  tube  having  a  diameter  of 
i  of  an  inch,  the  wire  forming  a  spiral  of  one  layer  about  two 
inches  in  length.  This  spiral  being  placed  in  the  position  w  the 
critical  point  of  b  was  found  to  be  .197  of  an  inch,  or  over  8  per 
cent,  greater  than  when  the  wire  was  in  a  circle.  While  the 
spiral  was  in  the  last  position  an  iron  wire  one-tenth  of  an  inch 
in  diameter  was  inserted  into  the  paper  tube,  and  now  the  spark 
B  only  measured  .170  of  an  inch,  over  13  per  cent,  less  than  with- 
out the  iron  wire,  and  more  than  6  per  cent,  less  than  the  plain 
circle.     Anotlier  experiment  was  made  like  the  last,  with  the  ex- 
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ception  that  the  iron  wire  was  long  and  bent  around  into  a  closed 
circuit,  but  it  did  not  alter  the  results.  The  lowering  of  the  value 
of  the  self -induced  current  upon  the  introduction  of  the  iron  wire 
was  to  me  at  the  time  startling,  but  a  consideration  of  the  case 
showed  that  it  should  be  so,  for  a  portion  of  the  energy  of  the  in- 
ducing current  was  absorbed  in  producing  work  in  this  mass  of 
iron,  and  of  a  necessity  weakened  the  self-induced  current  to  an 
extent  measured  by  the  work  this  extracted  energy  could  and 
would  have  done  in  the  wire  w,  had  it  not  been  withdrawn.  I 
have,  however,  here  a  confession  to  make.  I  was  all  of  the 
time  considering  that  this  energy  was  expended  in  producing 
magnetic  effects  in  the  iron  wire  until  a  friend  who  had 
called  to  see  some  of  the  experiments  suggested  that  I  insert 
a  copper  wire  instead  of  the  iron  one.  I  did  so.  The  effect  was 
the  same  as  that  obtained  with  the  iron  wire.     The  explanation 


was  simple :  It  was  that  not  magnetic  effects,  but  electric  currents, 
dosed  upon  themselves  within  the  wire,  had  been  produced.  The 
reduction  of  the  length  of  the  spark  b  now  became  a  simple 
question  of  causing  the  inducing  current  to  do  more  or  less  work 
external  to  the  wire  w,  and  as  another  means  of  causing  it  to  do 
so,  the  spiral  was  surrounded  by  another  spiral  of  wire,  with  the 
ends  so  arranged  that  they  could  be  connected  or  opened  as 
wished.  With  this  arrangement,  the  spark  b  could  be  made  to 
come  and  go,  as  desired :  for  by  adjusting  it  to  the  critical  point 
with  the  terminals  of  the  outer  spiral  open,  it  would  entirely  dis- 
appear when  they  were  united,  all  of  which  agrees  perfectly  with 
the  former  experiments  and  conclusions. 

Another  short  series  of  experiments  was  conducted  with  par- 
allel circuits,  as  shown  in  Fig.  6.  The  lengths  of  the  parallel 
portions  were  35  inches,  the  distance  separating  them  being  .062 
of  an  inch.  The  total  lengths  of  l  and  w  were  130  inches,  a 
and  J  were  of  the  same  values  as  heretofore  used. 
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Tlie  conditious  of  the  tests  and  the  resulting  lengths  of  the 
spark  8  may  be  briefly  stated  thus : 

Test  No.  1 .  I  ^^f  ^^^P?^'"'  ^^^^T*^"  -^^J  ^°-  [  S  =  .031  in. 

Te8tNo.2.j^ ::  j;;„^    ::     ::   }s=.024in. 

Test  No.  3.  y:,    ,,         ,,  ,,  .,        \  S  =  .020  in. 

w   "    copper, 

If  my  memory  serves  me  right  these  results  are  the  same, 
qualitatively,  as  those  obtained  by  Professor  Hughes,  and  clearly 
show  the  apparent  sluggish  action  of  iron,  both  in  imparting  and 
receiving  magnetic  inductive  effects.  Its  relations  to  these  mag- 
netic effects  resemble  the  actions  of  a  polished  metal  surface 
when  associated  with  heat ;  it  radiates  and  absorbs  poorly. 


Test  No.  4.  j  J. ;;  _JL^     ;;       ;;     \  ^  =  .025  in. 


Fig.  6. 

It  now  becomes  my  pleasant  duty  to  present  the  concluding 
and,  at  the  same  time,  most  interesting  and  convincing  proofs 
that  w  is  not  an  "  alternative  path,"  but  that  the  spark  b  is  pro- 
duced by,  and  consists  of,  the  discharge  of  the  self-induced 
current.     I  have  called  this  series  of  experiments 

THE   PHOTOGRAPHIC    STUDY   OF   SELF-INDUCTION. 

Unfortunately,  at  a  late  day,  a  day  so  late  as  to  prevent  my  re 
pairing  the  loss,  I  met  with  at  least  two  accidents,  and  each  of 
them  cost  me  one  or  more  negatives  which  were  a  part  of  the 
record  of  these  experiments.  I  shall,  however,  endeavor  to  make 
those  remaining  demonstrate  the  desired  points. 

In  making  these  experiments  the  end  in  view  was  to  obtain 
photographic  records  of  the  duration  of  the  spark  a,  with  and 
without  the  spark  b  ;  with  and  without  the  wire  w ;  with  various 
lengths  of  the  wire  w,  and,  if  possible,  to  detect  a  difference  of 
time  between  a  and  b.  A  disc  of  tin  plate,  20  inches  in  diameter, 
was  mounted  on  an  arbor  and  belted  to  a  system  of  pulleys  of 
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such  sizes  tliat  by  working  the  train  by  hand  a  velocity  of  about 
75,000  inches  per  minute  couJd  be  given  to  a  circle  of  holes  that 
had  been  punched  in  the  disc  at  a  distance  of  one  inch  from  its 
edge.  These  holes  were  about  one-eighth  of  an  inch  in  diameter 
and  one  inch  apart  from  centre  to  centre.  The  disc  was  so  placed 
in  relation  to  the  positions  of  the  a  and  b  sparks  that  a  line 
stretched  from  a  to  one  of  the  holes  in  the  upper  edge  of  the 
disc  would  pass  through  b.  Immediately  back  of  this  same  hole 
a  sensitive  plate  was  fixed  so  that  the  hole  was  in  front  of  the 
centre  line,  while  the  plate  was  removed  sufficiently  far  to  avoid 
being  touched  by  the  disc.  One-half  of  the  sensitive  plate  pro- 
jected above  the  edge  of  the  disc;  tliis  upper  portion  was 
covered  with  a  tin  plate  in  which  a  hole  was  punched  of  a  size 
similar  to  those  in  the  disc.     The  lower  portion  of  the  sensitive 
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plate— that  is  the  part  back  of  the  disc — was  also  covered  with  a 
tin  plate  in  which  a  window  had  been  cut  a  little  over  one  inch 
square,  and  in  such  a  position  that  the  holes  in  the  disc  passed  in 
front  of  it.  It  will  be  understood  from  this  description,  that 
while  the  disc  revolved  there  could  be  two  holes  in  front  of  the 
window,  while  there  could  not  be  less  than  one.  With  these 
adjustments  sparks  at  a  and  b,  separately  or  united,  would  pro- 
duce an  impression  upon  the  sensitive  plate,  through  the  upper 
hole,  and  through  one  or  two  holes,  as  the  case  might  be,  in  the 
revolving  disc. 

As  a  result  of  the  accidents  above  referred  to.  it  will  be  neces- 
sary to  introduce  the  series  of  experiments  with  photograph  No. 
5,  where  we  have  the  spot  produced  through  the  hole  in  the 
upper  stationary  screen  marked  a,  and  a  spot  lower  down  on  the 
plate  marked  b,  and  which  was  produced  through  one  of  the 
holes  in  the  revolving  disc.    The  object  in  having  the^snot^A^ip 
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was  that  it  might  offer  a  means  of  comparison  between  impres- 
sions made  through  stationary  and  moving  apertures,  and  also 
show  the  effect  of  vibrations,  if  any  existed,  in  tlie  various  parts 
of  the  apparatus.  The  value  of  the  energy  discharged  through  the 
circuit  from  J  was  disregarded,  care,  however,  being  taken  that 
there  should  be  no  change  in  it  throughout  the  entire  series  of 
experiments.  The  velocity  of  the  apertures  or  holes  in  the  disc 
was  fairly,  but  not  absolutely,  determined  to  be  75,000  inches 
per  minute.  With  this  velocity  of  movement,  a  displacement  of 
the  apertures  of  one  thousandth  of  an  inch  would  represent  an 
interval  of  time  equal  to  TTiruVinrTr  P^^  of  a  uiinute. 

The  series  of  experiments  will  be  divided  into  four  sets  as 
follows : 

Experiment  1,  photograph  No.  5. — The  wire  w  was  of  copper, 
76  feet  long  and  .052  of  an  inch  in  diameter,  the  spark  a  was  ^^j 
of  an  inch  and  was  retained  at  this  for  the  entire  series. 

The  B  spark  was  adjusted  to  a  point  near  the  critical  state,  but, 
owing  to  the  necessity  of  its  production  with  the  first  a  spark,  it 
could  not  be  set  to  the  same  delicacy  of  action  as  heretofore.  Tlie 
photograph  shows  a  slightly  blurred  or  indistinct  outline  on  the 
right-hand  side  of  tlie  spot  b,  which  is  more  clearly  brought  out 
by  comparison  with  the  spot  a.  From  this  it  is  concluded  that  a 
measurable  length  of  time  was  occupied  by  the  spark,  as  the 
aperture  in  the  disc  through  which  this  b  spot  was  produced  must 
have  moved  an  appreciable  distance  in  order  to  have  produced 
this  elongation  or  "ghost,"  as  the  photographic  profession  would 
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term  it.  Owing,  however,  to  the  absence  of  any  displacement  of 
the  distinct  outlines  of  the  spot,  it  cannot  be  assumed  that  there 
was  any  difference  in  the  time  of  a  and  b,  or,  at  least,  not  of  suflS- 
cient  value  to  permit  of  measurement  with  this  apparatus. 

Photograph  No.  6. — In  producing  this  photograph  all  of  the 
conditions  remained  the  same  as  those  used  in  photograph  No.  5, 
with  the  one  exception  of  the  spark  b,  which  was  removed  fron^ 
the  circuit  by  separating  the  points  beyond  the  striking  distance. 
Here,  by  chance,  %wo  holes,  or  rather  one  and  a  half,  were  in 
front  of  the  window  at  the  moment  of  sparking,  and  produced 
the  spots  one  and  two.  These  spots  exhibit  displacements  that, 
roughly  measured  on  the  negative,  are  one-tenth  of  an  inch  in 
length,  and  show  a  duration  of  the  spark  of  not  less  than  TTD^mnr 
of  a  minute. 

From  these  two  photographs  the  conclusion  is  drawn  that  the 
spark  B  shortens  the  duration  of  the  spark  at  a. 

Experiment  No.  2,  photograph  No.  7. — The  conditions  of  the 
circuit  in  this  case  were :  Wire  w  shortened  to  20  inches  in 
length;  spark  b  still  out  of  circuit.  This  photograph  shows 
about  the  same  length,  but  a  darker  "ghost"  following  the  spot 
B  than  did  photograph  No.  6,  and  indicates  a  corresponding  in- 
crease in  the  work  done  at  a. 

Photograph  No.  8. — The  conditions  are  the  same  as  the  last, 
excepting  that  the  b  spark  is  again  introduced.  While  there  is 
still  a  measurable  duration  to  the  spark,  the  shortening  of  the 
interval  due  to  the  spark  b  is  very  decided. 
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Experiment  No.  3,  photograph  Xo.  9. — In  this  experiment  the 
entire  apparatus  associated  with  the  spark  b  was  cut  out  and  the 
outer  surface  of  the  jar  j  was  connected  by  a  short  copper  wire 
to  the  ball  x  (refer  to  Fig.  4).  An  examination  of  the  photo- 
graph indicates  that  a  existed  for  an  interval  of  time  approxi- 
mately equal  to  that  of  the  last  experiment  (photograph  No.  8) 
and  very  much  less  than  that  shown  in  photographs  Kos.  6  and 
7. 

Photograph  No.  10. — In  this  case  the  wire  w  was  removed 
and  the  spark  b  adjusted  to  about  -f^  of  an  inch.  There  seems 
to  be,  possibly  a  very  slight  increase  in  the  time  over  that  of 
photograph  No.  9. 
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Experiment  No.  4,  photograph  No.  13. — To  tliis  photograph 
special  attention  is  invited.  The  conditions  under  which  the 
negative  was  produced  were  wholly  different  from  the  fore- 
going. The  tin  plate  covering  the  upper  half  of  the  sensitive 
plate,  and  which  carried  the  aperture  through  which  the  spots  a 
were  made,  was  removed,  the  plate  was  lowered,  so  that  a  point 
represented  by  the  spot  marked  1  came  on  a  line  with  the  aper- 
tures in  the  disc.  The  wire  w  was  composed  of  50  inches  of 
cotton-covered  wire  like  that  used  in  some  of  the  earlier  experi- 
ments, and  was  formed  into  a  circle.  The  b  spark  was  removed 
and  was  not  used  during  this  set  of  experiments.  The  a  spark 
was,  as  before,  -jV  of  an  inch,  and  the  spot  1  in  the  photograph  is 
its  impression  through  an  aperture  of  the  disc,  and,  as  readily 
seen,  shows  a  very  considerable  duration  of  time. 

The  sensitive  plate  was  now  elevated  a  little,  the  wire  w  was 
coiled  into  a  spiral,  as  described  in  a  former  experiment,  and  the 
spark  A  was  once  more  caused  to  pass.  Spots  2  and  2'  are  the 
impressions  produced  by  it,  and,  as  will  be  seen  by  close  inspec- 
tion, exhibit  longer  "  ghosts,"  and  consequently  a  greater  interval 
of  time,  than  was  shown  in  spot  1.  Once  more  the  sensitive 
plate  was  moved  upwards,  and  an  iron  core  having  been  inserted 
into  the  paper  tube  upon  which  w  was  coiled,  the  spot  3  was 
produced  by  another  spark,  the  "  ghost "  produced  being  smaller 
than  either  of  the  former  ones.  These  three  experiments  show 
conclusively  that  the  presence  of  the  wire  w  in  the  form  of  a 
loop  or  circle  in  the  path  of  the  discharged  energy,  tended  to 
prolong  the  action  upon  the  sensitive  plate ;  next,  that  the  coil- 
ing of  the  wire  into  a  spiral  increased  the  duration  of  that  action, 
and  lastly,  that  the  introduction  of  the  metallic  core  into  the  coil, 
and  consequent  stealing  away  of  a  portion  of  the  discharged 
energy,  shortened  the  time  of  action  to  an  interval  less  than  that 
of  the  loop. 

The  field  opened  up  by  these  photographs  for  theorizing  and 
speculating  is  a  very  broad  and  rich  one,  but  the  time  is  now  too 
short  to  more  than  indicate  the  manner  in  which  these  results 
add  strength  to  the  conclusions  deduced  from  the  former  experi- 
ments. Applying  to  the  photographic  experiments  the  theory 
already  advanced,  that  the  b  spark  was  a  discharge  from  the  wire 
w,  it  is  found,  as  would  be  expected,  that  when  b  is  absent  the 
self-induced  current  discharges  into  the  jar  j,  producing  in  its 
passage  a  spark  at  a  ;  this  spark  following  immediately  upoii  tha. 
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heek  of  the  original  a  spark.  The  jar  being  in  this  manner  re- 
charged, but,  of  course,  in  the  opposite  direction  and  of  a  slightly 
lower  potential,  will  again  discharge  into  the  circuit — the  dis- 
charge at  a  reduced  potential  being  facilitated  by  the  thermal 
and,  possibly,  magnetic  cojiditions  of  the  air  space  a,  and  which 
were  produced  by  the  first  spark. 

This  second  discharge  will  leave  the  jar  j  once  more  charged, 
and  will  be  followed  by  other  discharges  of  a  continually  de- 
creasing value,  until  the  energy  has  been  dissipated  as  heat  or 
into  other  forms  of  energy  through  and  by  the  various  portions 
of  the  circuit.  This  subject  of  the  oscillating  discharge  has  lately 
received,  at  the  hands  of  Dr.  Hertz,  a  masterly  and  most  highly 
interesting  treatment. 

Referring  once  more  to  photograph  No.  6,  which  was  produced 
by  an  a  spark  with  w  composed  of  a  copper  wire  76  feet  in 
length,  the  impression  produced  by  the  original,  or  first  spark,  is 
clearly  defined,  while  in  its  wake  is  traced  the  track  left  by  the 
sparks  produced  by  the  rapidly  weakening,  oscillating,  self-in- 
duced currents — ^a  track  fading  away  like  the  tail  of  a  comet,  to 
an  invisible  end. 

The  next  step  in  the  inquiry  is  to  determine  the  effect  of  in- 
troducing the  spark  b,  and  for  this  purpose  reference  will  be 
made  to  photograph  No.  5.  Here  we  find,  as  would  be  expected, 
that  the  comet-like  tail  has  almost  disappeared,  the  natural  result 
of  having  offered  the  self-induced  currents  from  the  wire  w,  a 
means  of  short-circuiting  themselves  across  the  points  at  b.  The 
slight  trace  of  a  tail— a  blurred  outline — is  to  be  attributed  to  the 
self -induced  currents  of  the  portions  of  the  discharge  circuit  lying 
between  the  points  of  b  and  the  surface  of  the  jar  j. 

Shortening  the  wire  w,  with  the  spark  b  removed,  should  have 
the  effect  of  increasing  the  amount  of  energy  dissipated  in  the 
air  space  a,  and  further  than  this  there  should  be  little  or  no 
alteration.  This  increased  amount  of  dissipation  at  a  may  be 
popularly  explained  thus :  The  total  circuit  into  which  the  ener- 
gy contained  in  j  is  discharged,  and  which  consists  of  the  space 
A,  the  wire  w  and  the  connecting  wires,  constitute  the  bodies  of 
spaces  from  which  the  energy  is  radiated  or  dissipated,  and,  there- 
fore, any  contraction  due  to  removing  a  portion  of  them  will,  of 
necessity  throw  more  work  upon  the  parts  remaining.  That  this 
is  correct  is  illustrated  by  photographs  No.  6  and  No.  7,  where 
the  conditions  were  the  same  other  than  a  shortening  of  w  from 
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76  inches  in  No.  6  to  20  inches  in  No.  7.  A  comparison  shows 
that  while  the  length  of  the  ^'ghosts"  are  practically  the  same, 
that  of  No.  7  is  heavier — ^more  material.  In  the  same  manner  in 
which  the  work  was  increased  in  the  space  a,  so  will  it  be  in- 
dreased  in  the  wire  connecting  the  points  at  b  to  the  surfaces  of 
the  jar  j,  and  for  this  reason  the  introduction  of  the  spark  b 
should  not  be  expected  to  cut  off  the  tail  from  the  spot  b  to  the 
same  value  obtained  with  a  long  wire  at  w.  This  is  the  case,  as 
is  shown  in  photograph  No.  8,  where  w  is  20  inches  and  b  has 
been  returned  to  the  circuit.  If  the  ^^ ghost"  shown  in  photo- 
graph No.  8  was  due  to  the  self -induced  currents  in  the  connect- 
ing wire,  as  has  been  assumed,  then  the  same  results  should  be 
obtained  by  cutting  oflf  the  entire  portion  of  the  circuit  repre- 
sented by  w  and  the  apparatus  associated  with  the  b  points,  and 
short-circuiting  these  connecting  wires.  That  this  is  the  case  is 
shown  in  photograph  No.  9. 

Cutting  out  w  and  replacing  b  did  not  seem  to  alter  the  results 
very  much,  if  any,  from  those  last  mentioned,  and  this  is  just 
what  would  be  expected. 

In  photograph  No.  13  it  is  demonstrated  that  the  coiling  of  a 
wire  into  a  spiral  tends  to  cause  a  retention  of  the  energy  within 
itself,  and  is  due  probably  to  the  gathering  up  of  a  portion  of  the 
energy  radiated  or  dissipated  by  one  convolution  by  the  adjoin- 
ing convolution,  and  thereby  restoring  it  to  its  own  mass.  This 
retarding  of  the  process  of  'dissipation  will  result  in  a  prolonga- 
tion of  the  time  of  a  and  consequent  action  on  the  sensitive  plate, 
as  is  shown  by  the  increased  length  of  the  "  ghost,"  following 
spots  2  and  2'  over  that  following  the  spot  1.  As  would  be  ex- 
pected, the  length  of  the  "ghost"  is  immediately  contracted  upon 
increasing  the  rate  of  dissipation  of  the  energy  as  results  from  the 
introduction  of  a  metallic  core  in  the  coil  of  w,  as  is  illustrated  in 
spot  3. 

The  final  conclusions  to  be  drawn  from  these  experiments  are : 

1st.  The  "ground  plate"  of  a  lightning  arrester  should  be  con- 
nected to  earth  by  as  short  a  connection  as  may  be  possible. 

2d.  When  an  air  line  connects  to  a  cable,  a  lightning  arrester 
should  be  provided  and  attached  to  the  armor  of  the  cable  by  a 
connection  not  more  than  a  few  inches  in  length. 

3d.  When  a  short  "  ground  wire  "  can  not  be  used,  one  formed 
of  a  number  of  strands  may  be  used,  preferably  not  twisted  into 
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4th.  Any  method  by  which  a  portion  of  the  discharged  current 
which  passes  over  the  "ground  wire"  may  be  withdrawn,  will 
tend  to  increase  the  efficiency  of  the  arrester. 

5th.  Under  conditions  similar  to  the  tests,  copper  or  iron  may 
be  used  with  equal  efficiency,  when  the  lengths  are  under  forty 
inches,  and  over  this  length  iron  is  more  efficient  than  copper. 

6th.  The  resistance  of  the  "  ground  wire "  is  of  little  conse- 
quence, but  it  should  have  a  size  sufficient  to  carry  off  the  charge 
without  overheating. 

7th.  The  insulation  in  a  cable  may  be  punctured  by  lightning, 
either  by  the  direct  discharge,  due  to  the  points  of  the  arrester 
being  too  far  apart,  or  by  the  current  of  self-induction  from  the 
"  ground  wire,"  when  that  wire  is  of  any  considerable  length. 

8th.  Dissipation  of  the  energy  of  discharge  reduces  the  self- 
induced  current. 


DISCUSSION. 

The  Chairman  (Mr.  Francis  W.  Jones): — Gentlemen,  you 
have  before  you  a  very  interesting  subject.  It  is  unnecessary 
for  me  to  say  how  well  and  ably  it  has  been  presented.  I  will 
not  take  any  of  your  time,  but  lay  the  subject  open  to  your  con- 
sideration and  for  any  remarks  the  members  may  wish  to  make. 
It  is  understood,  of  course,  that  all  present  are  at  liberty  to  take 
part  in  the  discussion.  We  should  be  pleased  to  hear  from  Dr. 
Moses. 

Dr.  Otto  A.  Moses  : — Gentlemen,  as  I  have  had  a  verj^  good 
opportunity  of  knowing  the  careful  methods  in  which  Mr. 
Acheson  directs  his  thoughts  experimentally,  I  feel  to  a  certain 
extent  diffident  upon  being  called  upon  so  suddenly  to  express 
any  doubts  as  to  the  correctness  of  his  deductions.  He  has 
conferred  with  me  occasionally  on  the  subject  in  the  course  of 
his  experiments.  There  are  one  or  two  things  that  might  tend 
to  start  this  discussion  which  I  will  suggest,  so  that  some  who 
are  present  here,  who  I  know  have  taken  great  interest  in  this 
matter  may  continue  it. 

In  the  space  a  did  you  consider  the  difference  in  the  size  of 
the  condensing  surfaces  of  n  and  a  ? 

Mr.  Acheson  : — Yes ;  I  attempted  to  make  a  measurement  of 
the  capacity  of  the  apparatus  with  the  jar  removed ;  but  although 
I  had  a  constant  on  the  galvanometer — ^a  very  high  constant — I 
failed  to  get  any  capacity,  not  because  there  was  none  there,  for 
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we  knew  that  there  was,  but  it  was  beyond  the  reach  of  my  in- 
Btruraents.  The  size  of  the  balls  was  considered,  of  course,  and 
the  ball  x  was  made  of  a  size  that  would  allow  me  to  obtain  a 
sufficiently  high  electromotive  force  without  spinning  off,  as  it 
would  do  where  it  was  very  small. 

Dr.  Moses  : — Would  you  be  so  kind  as  to  enlighten  us  as  to 
the  nature  of  the  apparatus  with  which  you  made  these  speed 
determinations?  You  condensed  the  explanation  a  little.  Would 
you  kindly  tell  us  in  what  way  the  experiment  was  carried  out? 

Mb.  Acheson  : — You  mean  the  spark  length  ?  I  thought  I  had 
described  that  probably  as  fully  as  I  am  able  to.  I  do  not  know 
whether  I  could  exhibit  it  more  fully  without  the  actual  appar- 
atus. 

Db.  Moses  : — Let  me  ask  a  few  questions.  By  what  means 
did  you  cause  your  rotations  ? 

Mb.  Acheson: — By  hand.  I  used,  in  fact,  Mrs.  Acheson's 
sewing  machine  as  a  motive  power. 

Db.  Moses  : — In  plate  No  13,  when  you  shifted  the  machine — 

Mb.  Acheson  : — Well,  I  shifted  the  position  of  the  sensitive 
plate,  my  revolving  disc  remaining  in  its  former  position.  As 
the  disc  was  rotating,  immediately  back  of  it  was  my  sensitive 
plate,  and  in  order  to  produce  this  first  spot  marked  1, 1  had  the 
plate  at  a  ceiiain  height  and  raised  it  higher  for  the  succeeding 
ones. 

Db.  Moses  : — Has  it  ever  struck  you  that  perhaps  these  exper- 
iments might  have  great  bearing  on  the  subject  of  sparking  in 
the  brushes  of  dynamo  machines  ? 

Mb.  Acheson  : — Well,  I  don't  know  but  that  they  have. 

Db.  Moses  : — By  inserting  shunts  between  the  brushes,  loop- 
ing the  brushes  together  instead  of  making  them  direct  in  con- 
tact so  as  to  be  able  to  time  the  sparks.  It  would  be  a  very  in- 
teresting thing  for  you  to  experiment  upon.  Your  power  there 
of  avoiding  the  spark  might  enable  you  to  avoid  the  spark  on 
the  brush,  wliich  comes  evidently  from  the  same  cause.  In  the 
paper  in  which  Prof.  Hughes  describes  these  experiments  to 
which  you  refer,  he  indicated  that  there  might  be  some  differ- 
ference  in  the  metals  that  were  used  for  brushes.  There  had 
been  experiments  carried  on  in  this  country  before  then  in  that 
.direction ;  but  it  seems  to  me  it  would  be  quite  a  prolific  field  of 
investigation  to  find  out  whether  by  alternating  brushes,  perhaps 
of  iron  and  copper,  you  might  not  be  able  to  elyninate  the  spark 
from  the  dynamo  machine. 
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Mr.  E.  T.  Birdsall: — Dr.  Moses  speaks  of  sparking  from  the 
brashes  of  dynamos.  It  has  been  some  time  since  we  have  seen 
much  of  that. 

Db.  Moses  : — Tliere  is  a  gentleman  here  who  represents  an  in- 
terest in  the  city  of  New  York  where  very  considerable  dynamo 
sparking  can  be  seen. 

Mb.  Eibdsall: — I  represent  electrical  interests,  and  I  have 
seen  dynamos,  I  guess  half  a  dozen  different  makes,  that  did  not 
spark ;  also  motors,  which  are  practically  the  same  thing. 

Dr.  Moses  : — Tou  have  heard  the  anecdote  of  the  man  whose 
lawyer  told  him  he  could  not  be  put  in  prison  on  account  of  a 
legal  technicality  and  who  wrote  to  his  lawyer  saying  that  not- 
withstanding that,  he  was  actually  in  prison.  I  think  if  he  looked, 
even  without  a  microscope,  at  the  brushes  of  the  dynamo  ma- 
chines, he  would  find  sparks. 

The  Chairman  : — We  have  with  us  a  gentleman  from  Boston, 
Mr.  Hamilton,  from  whom  we  should  be  pleased  to  hear. 

Mb.  Leonidas  Le  C.  Hamilton: — I  have  been  very  much 
pleased  to  hear  the  paper  which  has  been  read  to  you  this  even- 
ing. I  do  not  know  that  I  could  add  anything  whatever  to  what 
has  been  said  already.  One  question  arises  in  my  mind — 
whether  or  not  the  ghost,  so  called,  in  the  photograph  might  not 
have  been  caused  by  a  difference  in  the  revolution  of  that  disc. 
It  seems  to  me  that  the  experiments,  with  no  possibility,  as  I 
can  understand  it,  of  accuracy,  as  to  velocity  of  revolution,  might 
possibly  result  in  this  ghost  filling  the  plate. 

Mb.  Aoheson  : — I  neglected  to  state  the  manner  in  which  the 
disc  was  timed.  I  timed  it  always.  Of  course,  I  could  not  get 
an  exact  speed.  These  are  not  printed  exactly  like  the  negatives- 
While  some  of  them  exhibited  a  little  or  no  ghost  at  all,  others 
exhibited  a  length  of  as  much  as  a  tenth  of  an  inch.  Now,  we 
know  there  is  no  difference  in  speed  like  that. 

Mb.  Hamilton  : — How  did  you  control  the  speed  ? 

Mr.  Aoheson  : — Well,  it  was  pretty  nearly  the  limit  of  my 
power.  I  had  everything  ready  for  the  discharge  of  the  jar  and 
held  that  in  waiting  until  I  had  the  speed  up,  with  my  watch 
before  me.  I  worked  with  a  treadle  so  that  I  had  perfect  con- 
trol of  it  and  worked  it  up  until  I  had  a  revolution  of  the  band 
wheel  of  a  certain  value,  of  which  my  note  book  gives  the  record 
in  each  and  every  experiment. 

Mb.  Hamilton  : — The   photographs  were  each  sepstrate.  were 
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they  not?  For  instance,  in  No.  5,  a  and  b  were  the  photographs 
taken  at  different  times  ? 

Mr.  Acheson  : — The  a  and  b  spots  were  made  by  one  spark 
at  the  same  instant  of  time.  The  spot  a  was  produced  through 
a  stationary  aperture,  while  the  spot  b  was  produced  through  the 
moving  aperture  in  the  disc.  It  was  a  question  that  I  wanted  to 
decide  for  my  own  interest  to  determine  whether  any  vibration 
that  might  be  introduced  in  the  work  would  cause  any  movement 
of  the  outlines,  and  I  always  had  the  a  spot  for  that  object  so 
that  I  might  have  a  means  of  comparison  with  the  spot  produced 
by  the  moving  aperture.  I  am  sorry  that  these  are  not  an  exact 
print  of  the  negatives,  but  I  presume  we  never  will  have  them. 
I  do  not  suppose  that  they  could  be  reproduced  exactly.  Even  if 
the  plate  is  good,  the  printing  will  disfigure  that ;  it  will  not 
always  be  the  same,  and  the  differences  between  them  are  very 
slight  at  most. 

Mr.  Lemuel  W.  Serrell  : — I  would  like  to  ask  Mr.  Acheson 
if  he  developed  the  negatives  all  at  the  same  time ;  that  is,  with 
the  same  developer  and  gave  them  all  an  equal  length  of  time  in 
developing.  This  ghost,  or  tail  of  a  comet,  is  a  vanishing  thing 
and  if  the  development  was  applied  at  different  lengths  of  time 
it  would  make  a  different  depth  to  the  negative  and  make  a  dif- 
ferent  length  to  the  ghost  or  to  the  tail.  I  would  like  to  know 
whether  they  were  all  developed  at  the  same  time. 

Mr.  Acheson  : — I  am  not  a  photographer  by  profession,  and  in 
fact  I  never  did  any  photographing  until  I  commenced  this.  I 
never  had  an  instructor.  I  bought  my  supplies  in  a  store  and 
used  a  small  hand-book  as  a  guide.  I  think  I  spent  probably 
fifteen  or  twenty  dollars  in  buying  developers  and  plates  until  I 
accumulated  quite  a  stock.  Although  I  spoiled  some  plates,  each 
and  every  one  of  them  was  developed  separately,  and  it  was  all 
done  after  night.  None  of  this  work  was  done  by  daylight. 
Much  of  it  was  done  in  the  neighborhood  of  midnight,  or  later ; 
as  a  rule,  after  considerable  experience,  I  developed  them  until 
they  ceased  to  show  any  increase. 

Mr.  Serrell: — I  would  like  to  say  that  Mr.  Acheson  got  off 
pretty  cheap  at  fifteen  or  twenty  dollars,  for  a  beginner. 

Mr.  Acheson  : — Well  you  must  remember  I  had  only  a  spot 
here  to  deal  with. 

Mr.  Birdsall  : — In  taking  pictures  on  glass  plates,  such  as  Mr. 
Acheson  took,  although  these  probably  do  not  exhibit  tliat  defect 
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to  any  extent,  a  glass  sensitive  plate,  pointed  at  any  bright  ob- 
ject and  a  picture  taken  of  the  bright  object,  will  always  exhibit 
this  halo,  and  taking  a  picture  through  a  hole  like  that,  if  the 
source  of  light  were  not  perpendicular  to  the  surface  of  the  plate, 
it  would  exhibit  that  halo  on  one  side.  If  the  spark  was  not 
far  enough  away  from  the  surface  of  the  plate  so  that  both  the 
holes  A  and  b  were  practically  in  a  perpendicular  line,  that 
property  which  is  called  halation  of  plates,  and  whicli  is  avoided 
in  the  paper  negatives,  would  introduce  probably  an  appreciable 
error,  as  in  taking  pictures  with,  say,  a  10-inch  focus  lens,  we  get 
a  picture  of  the  sun  on  a  plate  about  one-quarter  of  an  inch  in 
diameter  and  there  will  often  be  a  half  inch  of  this  halo  around 
this  image  on  the  plate.  If  we  take  a  picture  of  the  sun  through 
a  large  hole,  it  would,  in  all  probability,  show  more  halation  on 
one  side  than  on  the  other  similar  to  these  pictures,  although 
that  error  may  not  be  introduced  in  these. 

Mr.  Joseph  Wetzlbr: — There  is  one  point  that  occurs  to  me 
in  connection  with  plate  5.  Mr.  Acheson  remarked  that  when 
he  applied  an  iron  rod  in  that  coil  the  spark  was  very  much 
diminislied.  lie  attributed  this  at  first  to  the  magnetization,  but 
when  he  inserted  the  copper  he  found  the  same  diminution  of 
spark.  He  then  came  to  the  conclusion  that  the  retardation  w^as 
due  to  the  energy  abstracted  from  tlie  circuit  by  electric  currents 
set  up  within  the  bar.  It  seems  to  me  that  that  result  of  the 
equal  action  of  the  iron  and  the  copper  might  have  been  predi- 
cated when  we  consider  that  it  takes  some  time  for  iron  to  mag- 
netize ;  in  other  words,  the  iron  would  not,  as  a  rule,  magnetize 
with  a  current  of  a  static  discharge  on  account  of  its  great  rapid- 
ity; that  static  discharge  is  practically  instantaneous,  while  it 
takes  some  time  for  iron  to  magnetize,  something  in  the  neigh- 
borhood of  one  one-hundredth  of  a  second,  if  I  remember  rightly. 
We  might,  therefore,  conclude  that  the  spark  did  not  magnetize 
the  iron,  but  was  probably  due  to  electric  currents  set  up  in  the 
iron. 

Mb.  Acheson  : — I  quite  agree  with  Mr.  Wetzler  in  regard  to 
those  opinions  and  they  are  such  as  I  finally  formed.  It  was 
wholly  due  to  the  wonderful  rapidity  of  the  discharge  and  the 
want  of  time  for  it. 

A  gentleman  brought  up  a  question  in  regard  to  the  possibility 
of  a  production  of  those  ghosts  due  to  the  line  of  the  ray  of  light 
not  being  perpendicular  to  the  glass  surface.    At  first  I  had  some 
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■difficulty,  and  thought  I  had  achieved  success  before  I  did,  owing 
to  the  fact  that  my  two  sparks  and  the  hole  through  which  they 
were  photographed  were  not  in  a  direct  line,  and  it  caused  a  dis- 
tinct overlapping  of  the  outlines  of  the  spark,  as  produced  in  the 
spot,  very  distinct  and  sharp,  At  first  I  tho.ught  it  was  a  differ- 
ence of  time  between  the  two  sparks;  that  the  b  spark  was  a 
little  back  of  a,  which  was  what  I  wanted,  and  I  was  much 
pleased ;  but  it  was  not  the  case ;  it  was  simply  due  to  the  fact 
that  they  were  not  in  line.  The  relative  positions  of  the  a  and  b 
sparks  are  shown  in  the  diagram  of  the  apparatus  (p.  91).  The  a 
and  B  sparks  are  in  a  direct  line.  Now,  I  divided  the  difference 
between  the  apertures  so  that  the  line  through  a  and  b  would 
strike  about  midway  between  them.  If  I  caused  it  to  strike  one, 
it  would  produce  a  distinct  difference  in  the  spots  as  can  be  seen 
on  some  of  my  negatives,  although  I  tried  to  get  them  exactly 
balanced ;  under  no  conditions  could  I  get  this  ghost.  If  that  was 
due  to  the  causes  which  were  suggested,  it  should  appear  in  the 
spot  A,  but  it  is  not  there. 

Pbof.  Wm.  E.  Qeykr  : — I  was  unfortunate  in  not  heariog  the 
whole  of  this  paper,  and  I  am  not  sure  that  I  fully  grasped  it. 
I  hope  I  may  be  pardoned  in  asking  a  question  for  my  own  in- 
formation— to  what  cause,  Mr.  Acheson,  did  you  ascribe  the 
ghost  ?    I  am  not  sure  that  I  quite  caught  that. 

Mb.  Acheson  : — It  is  due  to  the  oscillation  of  the  current  and 
the  continuous  charging  and  discharging  of  the  condenser  sur- 
faces, which  has  to  go  through  the  space  a,  as  illustrated  in  these 
figures,  producing  a  spark  continually  diminishing  in  flow  and 
continuing  for  a  certain  length  of  time  until  that  energy  is  ex- 
pended in  some  manner.  On  the  negatives  you  can  see  that  the 
spark  weakens  and  fades  away  until  it  actually  disappears.  You 
cannot  give  it  a  definite  length.  You  cannot  set  an  end  to  it. 
You  do  not  know  where  it  ends  and  nothing  commences,  due  to 
that  diminishing  of  the  amount  of  energy  which  is  oscillating 
backward  and  forward  in  the  circuit. 

Pbof.  Getsr  : — I  know  of  an  analogous  experiment  which  I 
think  proves  that  the  position  you  take  is  perfectly  correct,  and 
that  it  is  not  necessary  to  find  photographic  causes  for  the  ghost. 
The  experiment,  I  recollect,  was  one  made  by  Prof.  Meyer  of  the 
Stevens  Institute,  where  a  Leyden  jar  was  discharged  through 
the  prongs  of  a  tuning  fork,  at  the  end  of  which  there  was  a 
little  pointer  which  again  moved  over  a  rotating  cylinder  black- 
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ened  with  lamp-black.  When  the  Leyden  jar  was  discharged 
there  was  made  on  that  blackened  paper  one  great  blotch  where 
the  lamp-black  was  dissipated.  At  this  same  distance  further 
on,  this  cylinder  rotating  with  uniform  velocity,  there  was 
another  blotch,  and  then  there  were  three  and  four,  and  then 
there  would  be  a  moderate  interval ;  then  there  would  come  a 
great  group  of  them,  and  then  another  group,  so  that  taking  the 
trouble  to  count  them  there  were  actually  several  hundred  of 
those  discharges  recorded,  with  no  possibility  of  any  photo- 
graphic disturbance  on  this  cylinder,  showing  that  there  were  at 
least  700  of  these  oscillatory  discharges. 

Mr.  Charles  Cuttriss  : — I  would  like  to  ask  one  point  from 
Mr.  Acheson  in  regard  to  these  diagrams  as  taken  from  the 
negative.  You  will  observe  in  both  of  them  that  there  is  a  full 
light  circle  and  then  a  tail.  Kow,  I  would  ask  if  that  was  so  on 
the  photograph  or  was  it  not  a  gradual  broadening  out  without 
any  ab^pt  line  between  the  bright  part  and  the  other  ?  It  would 
appear  to  me  as  though  there  was  at  the  first  discharge  a  greater 
volume  of  light  or  a  more  intense  passage  of  current  just  at  that 
distance  to  photograph  the  true  hole  and  show  it  across  the 
table. 

Mr.  Acheson: — If  I  understand  the  gentleman  correctly  he 
wants  to  know  whether  the  outline  of  the  aperture  in  the  disc  is 
clearly  defined.  It  is,  if  that  is  the  question.  On  the  negatives 
it  is  clearly  defined.  You  can  trace  perfectly  all  those  outlines. 
I  think  that  you  are  correct  in  assuming  that  the  first  discharge 
is  vastly  greater  than  any  succeeding  one.  That  outline  is  shown 
on  the  negative. 

The  Chairman  : — It  is  suggested  that  Dr.  Garratt  would  favor 
us  with  some  remark  on  the  subject. 

Dr.  Allan  V.  Garratt  : — Mr.  President  and  Gentlemen :  I 
have  listened  with  a  great  deal  of  interest  to  this  paper  and  dis- 
cussion, and  I  cannot  help  wishing  that  before  we  go  away  we 
may  get  a  few  more  facts  in  regard  to  these  photographs,  if  pos- 
sible, to  clear  up  any  doubt  as  to  their  good  character,  possibly. 
I  should  like  to  ask  Mr.  Acheson  if  the  plates  were  all  of  one 
make. 

Mr.  Acheson  : — Yes,  sir ;  they  were  all  of  one  make. 

Dr.  Garratt: — And  all  of  the  same  number? 

Mr.  Acheson  : — Yes,  all  number  2iS. 
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Db.  Gabbatt  : — I  understand  they  were  developed  practically 
until  they  would  not  develop  any  more  ? 

Mb.  Aohbson  : — Yes,  sir ;  as  near  as  I  could  tell. 

DsL  Gabbatt  : — I  have  occasionally  monkeyed  with  plates  ray- 
self.  I  see  no  reason  uader  those  circumstances  to  suppose  that 
the  trail  of  light,  which  I  think  a  photographer  would  not  call 
a  ghost,  is  not  correct.  I  do  not  see  any  elements  of  error  there. 
In  regard  to  the  speed  of  rotation,  some  of  these  are  only  half 
the  length  of  the  others.  I  do  not  know  with  what  degree  of 
regularity  Mr.  Acheson  can  revolve  a  sewing  machine  wheel,  but 
I  should  suppose  that  he  would  be  able  to  eliminate  an  error  of 
fifty  per  cent. ;  that  is,  if  he  worked  it  as  hard  as  he  could,  and 
if  he  was  in  equally  vigorous  condition  during  all  of  his  experi- 
ments, I  see  no  reason  to  suppose  that  a  very  considerable  degree 
of  error  was  introduced  there. 

I  cannot  help  feeling,  gentlemen,  that  this  paper  will  lead  to  a 
good  deal  of  discussion  and  investigation  on  this  extremely  in- 
teresting subject.  I  believe  that  it  is  one  that  we  shall  hear  a 
good  deal  more  of. 

Mb.  E.  T.  Bibdsall:— My  suggestion  in  regard  to  the  spot  of 
light  showing  the  entire  circle  of  the  hole  and  then  fading  away, 
is  that  the  first  spark  of  the  continued  series  of  sparks  which 
formed  the  disehai^  might  be  the  one  wliich  has  the  most 
energy  in  it  in  the  form  of  light  due  to  conditions  of  the  air,  such 
as  burning  the  dust  in  between  the  poles^  and  the  succeeding  ones 
might  have  as  much  energy  in  them,  although  not  so  much  of 
that  energy  in  the  form  of  light,,  but  more  in  the  form  of  heat 
or  other  forms  of  energy. 

Mb.  Serbell  : — I  would  like  to  ask  Mr.  Acheson  which  way 
his  wheel  turned  around ;  whether  the  tail  was  due  to  the  wheel 
gradually  cutting  off  the  light  on  the  plate  and  the  spark  being 
produced  by  duration,  or  whether  the  first  bright  spot  was  due 
to  the  first  flash  and  the  wheel  went  in  the  direction  of  the  tail. 

Mb.  Acheson  : — When  you  look  at  this  sheet,  assumdng  that 
the  disc  is  between  you  and  it,  the  disc  was  revolving  in  a  direc- 
tion contrary  to  those  poles,  and  by  the  photographic  process  they 
became  reversed  here ;  the  aperture  moved  in  the  same  direction 
in  which  the  tail  faded. 

Mb.  Holbbook  C^ushhan: — I  would  iike  to  ask  Mr.  Acheson 
whether  the  photographs  through  his  moving  disc  were  always 
photographed  through  a  permanent  diaphragm. 

Mn  Acheson  : — It  is  the  a  spark  when  it  was  formed  alone 
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that  produced  both  spots  a  and  b.  If  the  a  and  b  sparks  were 
together  they  united  and  formed  these  two  spots  ;  but  the  a  spark 
always  assisted  at  least  in  forming  both  the  a  and  b  spots.  When 
the  b  spark  was  produced  it  hkewise  formed  a  portion  of  each. 

The  Chairman  : — This  certainly  is  a  subject  in  which  gentle- 
men in  almost  all  the  various  branches  of  the  electrical  prof  eseion 
have  some  interest,  particularly  in  the  department  with  which  I 
have  identified  myself,  where  we  find  these  antagonistic  currents 
in  our  relays,  in  our  cables  and  in  our  wires.  It  causes  us  a  good 
deal  of  trouble  to  find  just  how  they  act  and  also  to  overcome 
their  bad  eflEects,  particularly  in  relays  where  the  signaling  cur- 
rent, passing  through  the  various  convolutions,  arouses  this  an- 
tagonistic current  and  causes  relays  to  act  very  slowly.  It  changes 
the  character  of  the  signals  entirely.  I  think  probably,  as  sug- 
gested, it  occurs  in  dyjiamo  machines.  This  current,  in  fact,  has  a 
great  deal  to  do  with  almost  every  electrical  apparatus.  I  do  not 
see  how  you  can  avoid  it.  I  do  not  know  that  I  am  ready  to  ex- 
press any  opinion  as  to  the  basis  upon  which  the  able  lecturer  has 
given  his  opinion  to-night.  I  think,  however,  that  he  is  pretty 
nearly  correct  as  far  as  I  have  reasoned  out  the  thing  up  to  this 
I)oint. 

If  you  have  no  further  remarks  to  make  upon  the  subject,  the 
Secretary  has  some  matter  which  he  wishes  to  bring  to  your  atten- 
tion. 

The  Secbetaby  : — Gentlemen,  it  gives  me  pleasure  to  an- 
nounce that  the  next  paper  to  be  read  before  the  Institute  in  the 
regular  series  will  be  by  Lieutenant  F.  Jarvis  Patten,  a  Member 
of  the  Institute,  on  February  12th,  entitled,  "  On  a  New  System 
of  Multiplex  Telegraphy,"  with  illustrations. 

Mr.  Cuttriss: — If  the  discussion  on  this  paper  is  ended  I 
would  take  pleasure  in  moving  a  vote  of  thanks  to  the  author  for 
one  of  the  most  able  papers,  and  showing  the  deepest  insight,  I 
think,  into  recent  research,  that  we  have  had  before  us  for 
some  time. 

The  motion  was  carried. 

The  Chairman  : — I  have  therefore  very  much  pleasure  in  pre- 
senting Mr.  Acheson  with  the  unanimous  thanks  of  the  Institute, 
for  the  able  and  interesting  paper  he  has  presented  with  so  much 
pains  and  so  much  care  and  accuracy  of  experiment. 

Mr.  Acheson  : — I  thank  the  Institute  for  this  kindness  in  ap 
preciating  a  little  work.  . 

Adjourned.  '  ^ '^i^'^^^  ^^  L^OOgle 
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AMERICAN    INSTITUTE    OF    ELECTRICAL 
ENGINEERS. 


Vol.  VL  New  York,  April,  1889.  No.  4. 

The  thirty-second  meeting  of  the  Institute  was  held  on  Feb.  12, 
1889,  at  the  College  of  the  City  of  New  York.  The  meeting 
was  called  to  order  at  8.30  P.  M.  by  the  Secretary,  who  said : 

''  The  subject  first  to  be  brought  before  you  this  evening  is  a 
paper  by  Lieut.  F.  Jarvis  Patten,  U.  S.  A.,  on  "A  New  System 
of  Multiplex  Telegraphy."  That  will  be  followed  by  some  notes 
on  Mr.  Acheson's  paper,  read  January  8th,  which  will  be  pre- 
sented by  Mr.  Jo.  Stanford  Brown,  member  of  the  Institute,  and 
Mr.  Chas.  T.  Child.  These  gentlemen  have  made  some  experi- 
ments, and  prepared  a  brief  paper  based  upon  the  same,  giving 
reference  to  experiments  which  ha^e  been  made  in  the  past. 
These  notes  were  prepared  at  the  suggestion  of  Mr.  Martin  and 
myself,  as  the  character  of  the  paper  was  such  that  it  could  not 
be  properly  discussed  at  the  last  meeting.  It  will  be  necessary 
for  you  to  appoint  a  chairman  to  serve  for  the  evening." 

On  motion  of  Mr.  Crocker,  Mr.  (/.  O.  Mailloux  was  voted  to 
the  chair. 

The  Chairman  :  I  do  not  think  it  is  necessary  for  me  to  make 
a  set  speech  to  introduce  to  you  our  friend  and  fellow  member. 
Lieutenant  Patten.  He  is  a  man  who  is  already  very  well  known  to 
the  Institute  by  the  active  interest  he  has  taken  in  some  discussions 
we  have  had  at  previous  meetings,  and  he  is  also  very  well  known 
from  several  inventions  which  have  brought  him  prominently 
into  notice.  The  system,  which  he  brings  before  you  this  evening, 
is  one  which  I  am  sure  will  be  of  great  interest.  The  subject  of 
synchronism  in  telegraphy  is  one  which  has  attracted  attention 
almost  from  the  very  first  discovery  of  the  telegraph,  and  you 
will  find  that  as  early  as  in  the  "forties,"  some  patents  were  taken 
out  for  methods  of  attaining  synchronism  in  telegraphy .^(^©[^ 
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American  electrician,  Prof.  Moses  G.  Farmer,  I  believe,  was  one 
who  made  himself  distinguished  in  that  field,  as  he  has  in  a  great 
many  others  in  which  he  has  been  the  pioneer,  and  in  which  he 
has  been  so  unfortunate  as  to  be  ahead  of  his  time.  The  subject 
was  possibly  brought  up  too  early  to  receive  that  consideration 
which  would  enable  results  to  be  obtained  that  would  be  practical. 
It  was  necessary,  perhaps,  that  the  world  should  advance,  that 
new  principles  should  be  elaborated  and  that  new  discoveries  of 
laws,  etc.,  should  be  made  known  before  we  could  arrive  at  a 
practical  application  of  the  methods  by  which  synchronism  could 
be  effected  in  telegraphy.  I  think  the  time  has  now  arrived  for 
such  applications,  and  the  fact  that  several  methods  of  synchron- 
ism have  already  been  brought  forward  shows  that  the  matter  is 
forced  on  our  consideration,  and  that  we  have  a  right  to  expect 
the  success  of  such  methods.  You  will  find  that  the  method  pre- 
sented to  you  this  evening  is  one  which  is  in  every  respect 
worthy  of  the  science. 

Lieut.  Patten  then  read  the  following  paper. 
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BY    LIEUT.    F.   JABVI8   PATTEN. 


The  paper  this  evening  has  a  single  object,  its  purpose  being 
to  describe  the  salient  features  of  a  system  of  multiplex  transrais- 
sion  by  telegraph,  and  as  the  system  is  still  in  the  experimental 
stage,  I  shall  have  more  to  say  concerning  devices  thus  far  used 
wherein  practical  results  have  come  near  to  the  indications  of 
theory,  than  as  to  the  actual  possibilities  of  the  system  in  use. 
The  general  subject  is  so  familiar  to  all  present  that  a  review  of 
the  different  methods  of  multiplex  transmission  is  scarcely  neces- 
sary. SuflSce  it  to  say  that  the  system  under  consideration  falls 
under  the  general  class  of  synchronous  multiplex  telegraphs  which 
depend  for  their  operation  upon  the  absolute  or  approximately 
uniform  rate  of  movement  of  similar  apparatus  placed  at  the  dif- 
ferent stations  of  a  line. 

In  the  interest  of  those  present  who  may  not  be  familiar  with 
the  fundamental  principle  underlying  all  systems  of  multiplex 
transmission,  I  will  give  a  brief  description,  which  will  be  under- 
stood by  reference  to  Fig.  9.  A  line  wire  is  shown  connecting 
two  distant  points,  at  each  end  of  which  is  placed  a  machine 
which  carries  a  revolving  brush  or  trailer,  which  is  caused  by 
some  form  of  mechanism  to  sweep  over  a  circular  table  of  con_ 
tacts ;  this  is  subdivided  as  shown,  into  a  convenient  number  of 
segments  insulated  from  ee^h.  other.  Each  of  these  segments  is 
connected  to  a  branch  circuit,  which  includes  all  the  necessary  in- 
struments for  a  single  operator  sending  or  receiving.  If  we  con- 
sider the  trailer  motionless  and  resting  on,  say,  the  segment 
No.  10,  then  the  two  operators  at  the  end  of  the  line  would  each 
evidently  find  the  main  line  connected  to  his  sending  and  receiv- 
ing apparatus  for  the  time  being,  and  if  the  trailer  remained  in 
the  position  shown  they  could  hold  uninterrupted  communication 
with  each  other.  If,  now,  the  trailers  were  moved  to  the  seg- 
ments No.  15,  in  each  distributor,  then  operators  No.  15  at  each 
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end  would  have  the  line.  It  will  now  be  understood  that  if  by 
any  means  the  trailers  could  be  revolved  uniformly  around  the 
circle,  the  line  would  be  given  in  turn  to  any  number  of  opera- 
tors connected,  in  the  manner  described,  to  the  main  line. 

Early  attempts  at  multiplex  transmission  did  not  go  further 
than  this.  The  line  was  given  slowly  first  to  one  and  then  to  an- 
other operator,  the  time  that  each  in  turn  could  hold  communica- 
tion being  indicated  by  a  common  metronome.  Later  attempts 
went  farther  than  this,  the  idea  being  to  make  the  trailers  revolve 
at  a  high  rate  of  speed,  moving,  in  fact,  so  fast  that  each  pair  of 
operators  in  turn  is  connected  to  the  line  so  fast  that  he  is  prac- 
tically unaware  that  tlie  line  has  ever  l)een  taken  from  his  circuit. 


Fig.  9. 

It  18  easy  to  see  that  this  would  not  require  a  very  high  rate  of 
speed.  If  it  be  assumed  that  the  operator  can  make  tlie  shortest 
signal  with  his  key  in  one-fifth  of  a  second,  it  only  becomes 
necessary  to  move  the  trailers  at  a  speed  of  more  than  five  revolu- 
tions in  a  second,  when  it  would  evidently  be  impossible  for  any 
of  the  operators  to  close  a  key  without  having  the  line  during 
this  interval  connected  to  his  branch  circuit.  In  order  that  the 
signal  sent  by  any  operator  shall  reach  the  corresponding  operator 
at  the  other  end  of  the  line,  it  becomes  necessary,  of  course,  that 
the  trailer  at  the  two  stations  should  be  on  the  same  identical 
segments  at  the  same  instant  of  time.  The  solution  of  this  pro- 
blem will  then  consist  in  causing  the  trailers,  however  far  apar"^, 
to  move  with  absolute  uniformity  and  precision.     If  this  can  be 
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done  at  a  sufficiently  high  rate  of  speed,  then  a  single  wire  n)ay 
be  given  in  rapid  snccession  to  a  number  of  operators  at  each  end, 
and  all  can  simultaneously  communicate  over  the  single  wire 
without  interruption  from,  or  interference  with  each  other. 

Such  a  system  has  for  its  object  the  utilization  of  all  the  cur- 
rents which  in  a  given  unit  of  time  can  be  distinctly  transmitted 
over  a  single  wire.  If  it  is  assumed  that  in  average  Morse  trans- 
mission five  pulsations  of  current  or  makes  and  breaks  of  the  cir- 
cuit occur  in  every  second,  then  if  n  represent  the  number  of 
separate  currents  that  can  be  made  to  succeed  each  other  during 

this  interval  of  time  -  will  represent  theoretically  the  number  of 

receivers  or  operators  that  can  work  the  same  wire  at  the  same 
time. 

Any  system  based  upon  the  foregoing  theoretical  consideration, 
which  consists  practically  in  giving  the  line  for  a  brief  interval 
of  time  to  a  number  of  operators  in  rapid  succession,  rests  funda- 
mentally upon  the  fact  that  the  identical  revolutions  in  the  same 
p3riod  of  time  of  certain  parts  of  the  apparatus  at  different  sta- 
tions can  be  maintained  continuously;  in  other  words,  a  perfect 
svnchronizing  device  of  some  sort  must  be  the  fundamental  start- 
ing point  without  which  any  such  system  will  remain  what  a 
noted  English  scientist  has  aptly  described  as  a  "  mere  figment  of 
the  intellect." 

In  the  literature  of  the  telegraph,  already  large,  synchronizing 
devices  are  common,  and  in  the  books  their  operativeness  is 
generally  taken  for  granted.  All  such  devices,  with  a  single  ex- 
ception that  occurs  to  me,  are  founded  upon  the  isochronous  mo- 
tion of  some  mechanism  which,  under  the  operation  of  natural 
forces,  has  a  fixed  rate  of  movement,  and  preserves  this  motion 
unvaried  so  long  as  these  forces  are  acting  freely.  The  pendulum 
and  the  tuning  fork  perform  their  oscillations  of  gri  at  or  small 
amplitude  in  the  same  period  of  time ;  their  rate  of  movement  is, 
therefore,  described  as  being  isoehronous.  Two  such  exactly 
similar  devices  while  in  motion,  therefore,  should  be  in  synchTO- 
nism  with  each  other;  but  all  these  devices  once  set  in  motion 
immediately  tend  to  a  state  of  rest,  and  it  becomes  necessary  to 
apply  constantly  some  extraneous  force  to  keep  them  in  continued 
operation ;  they  must  continually  receive  an  intermittent  impulse 
to  prevent  them  from  coming  to  a  state  of  rest.  The  natural  rate 
of  movement  of  the  apparatus,  which  is  alone  the  result  of  Jfch^ 
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uninterrupted  action  of  the  forces  in  the  system,  is  thus  made 
subject  to  a  slight  but  constant  disturbing  effort. 

In  view  of  these  considerations,  which  have  been  expressed  in 
the  most  general  terms,  it  has  been  my  endeavor  to  perfect  a  syn- 
chronizing device  that  should  be  independent  of  the  uniform  rate 
of  motion  of  any  part,  the  general  statement  of  the  problem 
being  to  devise  apparatus  which  shall  move  in  unison  with  each 
other  at  a  variable  instead  of  a  constant  rate  of  speed.  Recent 
electrical  inventions  point  clearly  to  an  ultimate  solution  of  this 
problem,  if  it  has  not  already  been  achieved.  A  pertinent  illus- 
tration of  this  fact  is  found  in  the  common  speaking  telephone, 


Fia.  1. 

so  common  that  variable  synchronism  is  already  in  daily  use 
among  those  who  regard  matters  electrical  as  full  of  mystery.  In 
this  apparatus  the  diaphragm  of  the  receiving  instrument  moves 
in  perfect  synchronism  with  that  of  the  transmitter,  and  it  seems 
by  no  means  an  exaggerated  comparison  to  regard  the  receiver  as 
an  alternating  current  motor  moving  in  perfect  unison  with  the 
changes  of  potential  in  the  generator  and  the  line  circuit.  My 
experiments  in  this  field  were  first  directed  to  the  application  of 
this  peculiar  relation  of  the  alternating  current  generator  and 
motor  to  a  synchronizing  device,  only  to  reach  the  conclusion, 
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however,  that  it  could  not  be  made  operative  on  a  circuit  of  any 
considerable  length. 

Further  experiments  led  to  a  simpler  solution  of  the  problem 
involving  few  uncertain  elements. 

I  had  constructed  two  ordinary  direct  current  motors  of  the 
simplest  form,  an  ordinary  two  pole  field  and  single  coil  armature 
conveniently  arranged  for  use  as  either  direct  or  alternating  cur- 
rent machines.  The  armature  circuits  were  connected  at  one  end 
to  an  ordinary  two-part  commutator  and  at  the  other  to  two  in- 
sulated ring  contacts.  They  are  shown  by  a  simple  diagram  in 
Fig.  1,  where  both  are  connected  in  a  single  circuit.  The  arma- 
ture of  the  machine  m*  was  normally  open  at  the  ring  contacts, 
and  could  be  closed  either  by  connecting  the  ring  or  through  an 
external  circuit.  Such  a  circuit  was  made  to  include  the  field 
coils  of  the  machine  m'^,  and  the  armature  of  this  machine  was 
connected  in  the  direct  current  circuit  from  the  poles  of  the 
battery.  Thus  connected,  the  two  machines  moved  as  one  ;  the 
machine  m'  following  all  the  fluctuations  of  speed  in  the  machine 
M  *,  as  if  their  armatures  were  carried  by  the  same  spindle,  the 
speed  being  varied  between  wide  limits.  To  convert  this 
mechanism  into  a  synchronizing  device  in  such  a  way  that  the 
machines  could  be  placed  at  a  great  distance  from  each  other  was 
another  step.  As  there  was  evidently  an  alternating  current  in 
the  external  loop  connected  to  the  armature  of  the  first  machine, 
the  reversals  of  current  in  this  circuit  must  correspond  in  time  to 
the  half  revolutions  of  the  armature  of  this  machine,  and  an  or- 
dinary polarized  relay  connected  in  the  loop  would  vibrate  in 
unison  with  the  half  revolutions  of  the  armature  in  the  machine 
M  ^  The  second  machine  could  therefore  be  made  operative  at  a 
distance  by  simply  connecting  another  relay  in  an  independent 
line  circuit  and  causing  the  latter  to  reverse  the  current  in  the 
second  machine.  This  arrangement,  which  constitutes  the  fundar 
mental  synchronizing  device,  is  shown  in  Fig.  2.  Here  the  first 
machine  placed  at  station  x  has  a  polarized  relay  connected  in 
the  external  armature  circuit,  and  the  relay  vibrates  in  response 
to  the  reversals  of  current  in  the  armature  of  this  machine,  which 
correspond  accurately  to  the  half  revolution  of  the  machine  at  x. 
A  line  circuit  extends  from  the  fixed  point  of  the  relay  vibrator 
to  the  distant  station  z,  where  it  includes  the  coils  of  another 
relay  and  returns  to  the  middle  point  of  the  line  battery  l  b  at 
X,  the  opposite  poles  of  which  are  connected  to  the  contact  stop 
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of  the  relay  at  this  station.  From  these  connections  it  results 
that  any  relays  in  the  line  circuit  will  be  actuated  by  reversed 
currents  in  unison  with  the  half  revolutions  of  the  machine  at  x. 
At  any  distant  station,  as  the  one  shown  at  z,  another  machine 
has  its  field  coils  connected  as  follows :  One  terminal  to  the  fixed 
point  of  the  relay  and  the  other  to  the  middle  point  of  a  local 
battery,  the  opposite  poles  of  which  are  connected  to  the  contact 
stops  of  this  relay,  the  armature  of  this  machine  being  connected 
through  ring  contacts  and  brushes  to  an  independent  source 
of  direct  current.  Connected  in  this  manner,  the  two  machines 
still  move  in  perfect  unison,  even  at  variable  speeds,  though  sep- 
arated from  each  other  by  any  line  resistance  through  which  a 
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polarized  relay  can  be  made  to  act.  With  a  single  coil  armature 
the  driven  machine  is  at  times  quite  erratic,  as  it  can  evidently 
move  in  either  direction,  and  I  have  seen  such  machines  reverse 
instantly  at  a  speed  of  several  hundred  revolutions  a  minute,  and 
go  apparently  as  fast  in  the  opposite  direction,  and  this  even 
when  provided  with  a  fiy wheel  of  moderate  weight. 

This  difficulty  may  be  overcome  in  a  variety  of  ways ;  an  effect- 
ive one  is  shown  in  Fig.  3,  which  represents  a  form  now  given  to 
the  armature  of  the  driven  machine.  It  has  two  coils  in  series  con- 
nection, but  wound  with  their  poles  at  right  angles  to  each  other. 
This  armature,  being  placed  in  a  single  field,  I  had  supposed 
would  move  at  only  half  of  the  speed  of  the  first  machine;  but, 
on  the  contrary,  the  synchronism  was  perfect,  the  motjoiL^TOis 
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Fig.  3a. 

continuous  in  direction  and  it  has  never  been  known  to  reverse. 
The  analysis  of  its  action  is  shown  in  Fig.  3a,  where  the  armature 
is  represented  in  the  four  successive  quadrants  of  a  single  revolu- 
tion, the  black  and  the  white  pole  pieces  representing  the  ends  of 
the  two  coils  in  their  different  positions.  The  dotted  lines  indi- 
cate the  position  of  a  pair  of  resultant  poles  which  must  lie  dia- 
gonally between  the  actual  poles;  this  diagonal  line  represents 
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the  resultant  polarity  of  the  armature  and  it  is  evident  that 
neither  of  its  actual  poles  could  be  in  a  position  of  stable  equilib- 
rium while  in  line  with  the  poles  of  the  field ;  the  resultant  arma- 
ture pole  is  therefore  made  to  follow  a  changing  field  that  moves 
through  180  degrees  at  each  reversal  of  the  current. 

Fig.  3b  illustrates  an  experiment  made  in  determining  a  suitable 
form  of  armature.  A  two  point  key  was  used  to  reverse  the  field 
intermittently,  the  armature  being  supplied  with  an  independent 
direct  current.  Even  with  this  irregular  alternation  of  the  cur- 
rent the  motion  was  still  continuous.  Another  method  of  pre- 
serving absolutely  steady  synchronism  is  shown  in  the  sketch 
Fig.  8.  It  consists  in  providing  the  driven  machine  with  a  single 
coil  armature  and  a  multipolar  field;  thus  arranged  the  armature 
passes  through  a  smaller  arc  of  the  entire  circle  at  each  reversal 
of  the  field ;  but  while  the  motion  is  steady  it  has  the  evident  dis- 
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advantage  that  so  high  a  speed  cannot  be  obtained  with  the  same 
number  of  reversals  in  a  given  time. 

Such  are  the  main  features  of  the  synchronizing  device.  There 
are  numerous  details  which  cannot  be  treated  within  the  limits  of 
a  single  paper.  The  uniform  motion  of  distant  machines  is  se- 
cured at  rates  of  speed  that  may  vary  within  considerable  limits 
and  synchronism  ia  maintained  independently  of  the  isochronous 
motion  of  any  device  or  moving  pait,  all  the  machines  moving  in 
unison  with  a  governing  motor  which  sets  the  pace  for  all  the  rest. 
The  controlling  machine  may  evidently  be  any  form  of  direct 
current  motor  carrying  a  revolving  pole  changer. 

A  practically  constant  speed  is  of  course  necessary  in  any  ap- 
plication of  this  device  to  the  telegraph,  but  as  an  illustration  of 
the  variable  synchronism  it  may  be  stated  that  in  a  continuous  run 
of  twenty-five  hours  the  speed  of  three  machines  connected  by  a 
single  line  circuit  has  varied  uniformly  between  100  and  1,000 
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revolutions  per  minute.  Fig.  4  illustrates  a  modification  of  the 
original  system  in  which  induced  currents  of  high  e.  m.  f.  are 
used  as  synchronizing  currents.  The  armature  loop  of  the  gov- 
erning machine  is  connected  to  the  primary  of  an  induction  coil, 
the  secondary  to  the  line  circuit  at  distant  stations,  and  the  im- 
pulses are  reconverted  and  caused  to  actuate  a  polarized  relay  as 
before. 

A  simple  experiment  made  to  determine  the  accuracy  of  the 
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Fig.  4. 


synchronism  will  be  explained,  as  it  led  directly  to  a  separate  ap- 
plication of  the  system  to  the  transmission  of  signals.  The  con- 
nections are  shown  in  Fig.  9.  (p.  112.)  From  the  battery  b  a  line  ex- 
tends to  the  spindle  of  the  two  machines,  each  provided  with  seg- 
mental distributors  of  48  parts.  From  one  such  segment  in  the  one 
machine  a  wire  was  taken  to  a  segment  of  the  other  machine,  the 
primary  of  an  induction  coil  and  a  key  being  connected  in  this 
line,  the  secondary  of  the  coil  was  connected,  as  shown,  to  ad^l€ 
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dinary  telephone  receiver.  If  the  machines  were  moving  in  uni- 
son, the  circuit  of  the  primary  would  be  completed  whenever  the 
revolving  trailers  were  simultaneously  upon  the  connected  seg- 
ments in  the  two  machines,  and  the  key  was  closed.  If  either 
trailer  were  slightly  in  advance  of,  or  behind  the  other  there 
could  be  no  primary  circuit  formed  on  closing  the  key,  no  in- 
duced current,  and  no  sound  in  the  telephone.  The  machines 
were  driven  at  variable  speeds,  and  the  wire  at  one  machine  was 
moved  from  one  segment  to  another  until  the  particular  one  was 
found  that  corresponded  to  the  one  selected  in  the  first  machine; 
the  telephone  then  responded  accurately  to  every  revolution,  thus 
proving  the  synchronism  perfect  within  less  than  the  breadth  of 
a  single  segment.  Other  wires  were  then  connected  to  other 
segments  with  a  like  effect. 
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A  singular  and  unexpected  result  was  deduced  from  this  ex- 
periment. Evidently  the  one  machine  might  start  into  synchro- 
nism at  any  point  of  the  circumference,  the  trailers  making  any 
angle  with  each  other,  as  the  one  shown  in  the  diagram ;  a  revolv- 
ing switch  had  been  provided  which  was  so  arranged  that  by 
turning  it,  a  wire  could  be  moved  from  one  segment  to  another 
and  so  adjust  the  circuits  independently  of  the  relative  positions 
of  the  trailers.  The  machines  were  repeatedly  stopped  and  started 
again,  but  came  again  into  synchronism  always  at  the  same  point, 
the  wires  never  requiring  any  adjustment,  establishing  clearly  the 
singular  fact  that  the  driven  machine  always  went  into  synchro- 
nism at  the  same  point  and  could,  therefore,  be  made  to  start  in 
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at  aoy  point  of  the  distributor  by  a  proper  adjustment  of  the 
trailer  on  the  spindle.  The  reason  for  this  may  be  found  by  con- 
sidering the  relation  of  the  forces  as  expressed  in  the  diagram 
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Fig.  10.     Here  the  same  macliine  is  shown  with  the  armature  in 
two  positions  differing  by  90  degrees,  the  first  being  a  position  of 
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maximum  effort,  while  the  second  is  a  minimnm  as  the  field 
poles  are  changing  to  the  opposite  designation  indicated  by  the 
lower  letters.     As  the  machines  are  provided  with  fly  wheels  of 
considerable  weight,  the  point  of  maximum  effort  shown  in  the 
upper  diagram  is  the  one  at  which  the  machines  most  readily 
come  into  synchronism  with  each  other,  being  the  point  of  least 
opposed  mechanical  resistance.     In  Fig.  6  is  shown  the  simplest 
adaptation  of  the  synchronizing  device  to  a  system  of  telegraphic 
transmission.     The  motors  x  and  y  are  connected  to  the  line 
M  L,  as  shown  in  Fig.  2.     The  synchronizing  current  is  constantly 
maintained  upon  the  line  and  is  made  to  serve  also  for  transmis- 
sion of  signals.     It  will  also  be  observed  that  as  the  armature  of 
the  relay  at  x  puts  opposite  halves  of  the  line  battery  to  earth 
alternately  at  each  half  revolution  of  the  machine  at  x,  one-half 
of  the  circumference  of  the  segmental  distributor  corresponds  to 
the  transmission  of  positive,  and  the  other  to  the  transmission  of 
negative  currents  to  line.     Thus,  while  the  trailer  is  sweeping 
over  one-half  of  the  distributor,  one  part  of  the  line  battery  jl  b 
is  connected  to  line  and  earth,  and  while  traversing  the  other  half 
of  the  distributor  the  other  part  of  the  battery  will  be  in  circuit, 
each  in  turn  sending  a  succession  of  impulses  of  opposite  polarity. 
Some  arbitrary  lines  as  q*  u  *,  may  therefore  be  drawn  diame- 
trically across  the  distributor  at  x,  and  on  one  side  of  this  line, 
positive,  and  on  the  other,  negative,  currents  will  be  sent  to  the 
line  wire,  and  by  making  the  distributors  movable  about  its  axis 
the  line  q^  u  ^  may  be  made  to  fall  within  the  broad  spaces 
E-\-  E — .     The  distributor  is  composed  of  two  parts,  one  de- 
signated -£*+,  and  E —  is  connected  directly  to  each;  the  other 
consists  of  a  series  of  insulated  segments  1,  2,  3,  etc.,  in  opposite 
quadrants  of  the  distributor.    Whenever  the  trailer  is  on  the  part 
E  -{-^  E — ,  the  battery  has  a  free  path  to  earth  and  line  through 
the  trailer  tr*  .     The  insulated  segments  are  connected  to  the 
local  branches  in  pairs,  each  local  branch  having  at  least  two  such 
segments  diametrically  placed  in  opposite  halves  of  the  distribu- 
tor.    The  connections  and  instruments  in  circuit  are  alike  for  all 
the  branches  and  are  therefore  shown  in  detail  for  only  one. 

Each  branch — say  that  of  operator  No.  5 — has  a  double  line  to 
earth  taken  from  opposite  halves  of  the  distributor  as  those  shown 
at  5  +  and  5  — .  These  branches  are  connected  to  a  three  point 
switch  w  ^  and  w  ^  which  may  be  turned  to  r^  and  b'  for  re- 
ceiving, or  to  s  ^  and  s  *  for  sending,  thus  throwing  the  key  in 
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circuit,  or  sy^  and  sy*  for  synchronizingj  thus  leaving  the  send- 
ing and  receiving  apparatus  out  of  circuit.  An  ordinary  reversing 
key  is  used,  the  relay  circuit  being  connected  to  its  middle  point. 
The  drawing  represents  station  x  sending  and  y  receiving.  Thus, 
if  the  key  be  depressed,  as  at  y,  so  that  its  front  contact  puts  the 
line  to  earth,  intermittent  pulsations  of  one  polarity  will  go  to 
line,  corresponding  to  the  contacts  made  by  the  trailer  with  the 
segment  pertaining  to  this  branch  on  the  right  hand  side  of  the 
distributor  at  x,  while  the  negative  currents,  corresponding  to 
the  left  hand  half  of  the  distributor,  will  be  cut  out,  and  the  cor- 
responding relay  at  both  stations  will  be  actuated  by  currents  of 
constant  polarity.  If,  now,  the  key  be  reversed,  the  trailer,  on 
reaching  the  opposite  segment,  5  — ,  will  send  an  opposite  current 
to  line  and  earth,  causing  the  polarized  relay  to  reverse  in  accord- 
ance with  the  motions  at  the  key ;  hence  signaling  may  be  effected 
with  a  sounder  connected  in  a  local  circuit  as  shown.  Thus,  if 
the  key  were  closed  at  both  the  front  and  back  contacts  at  the 
same  time,  the  receiving  relays  would  all  vibrate  in  unison  with 
the  synchronizing  relay  in  the  line  circuit  and  transmission  is 
effected  by  cutting  out  all  the  positive  or  all  the  negative  im- 
pulses, according  to  the  position  of  the  key,  whether  on  its  front 
or  back  contact.  With  a  slow  speed  the  contacts  connecting  any 
branch  to  the  main  line  must  of  course  be  increased  to  insure  cer- 
tainty of  action ;  but  with  a  sufficiently  high  speed  few  contacts 
will  be  required.  In  the  foregoing  system,  the  synchronizing 
current  which  is  only  used  as  such  at  two  points  during  each 
revolution,  is  made  to  answer  for  signaling  purposes  also. 

There  are,  of  course,  numerous  details  incident  to  such  a  system 
that  cannot  be  dealt  with  in  a  superficial  description.  Each 
operator's  circuit  being  made  up  of  a  number  of  rapid  contacts 
with  the  main  line,  each  one  of  the  ordinary  Morse  characters  is 
necessarily  made  up  of  a  number  of  pulsations  of  current,  and 
the  serious  problem  has  been  to  construct  a  relay  that  would  re- 
spond to  these  broken  currents.  A  single  polarized  relay  has  a 
tendency  to  leave  its  contact  during  the  breaks.  A  number  of 
devices  have  been  made  to  correct  this.  Fig.  6  shows  by  a  dia- 
gram of  circuits  a  modification  of  the  system  of  single  wire  trans- 
mission in  which  superposed  currents  of  high  tension  are  used  to 
actuate  receiving  apparatus,  thus  making  them  independent  of 
the  synchronizing  current.  The  key  is  so  arranged  as  to  open 
and  close  the  primary  of  an  induction  coil,  the  secondary  of  which 
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is  connected  to  line.     A  telephone  or  similar  receiving  apparatus 
arranged  to  respond  to  currents  of  high  e.  m.  f.  is  connected 


Fig.  6. 


with  a  receiving  circuit  instead  of  the  relays.  With  such  a  sys- 
tem of  transmission  a  higher  order  of  multiplex  transmission  can 
be  obtained  than  with  ordinary  receiving  apparatus,  and  it  re- 
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quires  so  little  current  to  actuate  these  instruments  that  each 
operator  can  work  a  circuit  with  a  far  less  number  of  segments. 
As  the  trailer  makes  contact  with  any  particular  segment  there 
will  be  of  course  two  currents  sent,  due  to  the  make  and  the 
break.  In  Fig.  7  is  shown  an  arrangement  by  which  the  first  of 
these  is  cut  out.  The  primary  of  the  induction  coU  connected 
through  a  separate  trailer  and  series  of  segments  is  closed  by  the 
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key  before  the  trailer  connected  to  the  line  circuit  has  rer  ched  its 
segment.  The  induced  current  due  to  the  break  only,  is  then 
transmitted  to  line.  This  device  is  shown  in  Fig.  7,  and  as  there 
indicated  it  has  also  been  made  to  work  polarized  relays  suitably 
wound  for  these  high  tension  currents. 

The  general  subject  as  a  system  of  telegraphy  will  be  recog- 
nized as  a  rather  extensive  one  for  a  single  paper.  I  have  given 
the  details  of  a  few  of  the  more  decisive  experiments  that  have  ^ 
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been  made,  and  1  have  confined  the  paper  to  what  has  actually 
been  accomplised.  With  reference  to  practical  results  on  a  line 
test  I  shall  have  more  to  say  at  a  later  day.  A  technical  paper, 
at  its  best,  is  uninteresting,  and  the  present  one  is  already  long. 
In  closing,  I  will  answer  a  pertinent  question  that  may  occur  to 
many:  "Of  what  use  is  a  system  of  multiplex  telegraphy?" 

The  answer  is  this:  We  live  in  an  age  of  industrial  advance- 
ment. People  are  no  longer  satisfied  with  what  is  good  enough. 
They  want  the  best.  The  best  rail  for  roads  must  be  made  of 
steel,  and,  this  fact  once  established,  iron  was  no  longer  suited  to 
the  requirements  of  travel,  and  iron  roads  have  been  turned  into 
steel  ones.  The  steel  rail  bears  the  same  relation  to  iron  in  the 
systems  of  transportation,  that  the  copper  wire  does  to  the  iron 
one  in  systems  of  telegraphic  communication,  the  higher  rate  and 
more  reliable  service  required  demanding  already  in  a  large  de- 
gree the  substitution  of  copper  for  iron  wires  on  the  main  lines 
of  business.  With  a  good  copper  wire  and  a  reliable  system  of 
multiplex  transmission,  a  single  wire  from  New  York  to  our 
principal  cities  would  meet  all  the  requirements  of  business,  and 
it  is  no  exaggeration  to  say  that  with  these  conditions  given,  the 
existing  system  of  intercommunication  by  the  telegraph  could  be 
duplicated  at  a  cost  of  one-tenth  the  present  amount  of  capital 
invested  by  either  the  government  or  private  enterprises.  That 
is  what  copper  wire  and  multiplex  telegraphy  mean,  and  it  is 
doubtless  the  reason  why  so  many  find  the  subject  worthy  of  their 
best  endeavors. 
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The  Chaibman  :  The  subject  is  now  before  you  for  discussion. 
It  is  rather  to  be  regretted  that  our  eminent  telegrapliists  did  not 
choose  to  put  in  an  appearance  this  evening.  There  are  a  num- 
ber of  men  in  the  telegraphic  community  who  would  have  been 
able,  no  doubt,  to  give  us  some  very  interesting  details  and  to  ask 
a  great  many  pertinent  questions  about  this.  It  certainly  is  a 
very  interesting  subject.  It  is,  perhaps,  not  too  much  to  say  that 
it  is  the  dawn  of  future  progress  in  telegraphy.  For  a  long  time, 
telegraph  authorities  have  been  of  the  opinion  that  the  day  of  monc- 
telegraphic  work  is  past ;  that  the  cost  of  using  the  telegraph  cir- 
cuit and  maintaining  it  is  so  great  that  we  must  be  able  to  utilize 
it  and  multiply  its  use  by  making  it  answer  for  more  messages 
than  one  at  the  same  time.     So  that  in  bringing  before  us  this  in- 
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teresting  paper,  lient.  Patten  has  nnqnestionablj  given  us  some- 
thing which  represents  the  beginning  of  the  fnture,  and  you  cer- 
tainly should  not  lose  the  opportunity  of  giving  it  a  thorough 
discussion.  Mr.  Pope,  you  are  an  old  telegrapher,  can  you  not 
say  something  on  the  subject  ? 

Mb.  R.  W.  Pope  : — I  was  a  telegrapher  before  we  had  any  of 
these  things.  1  notice  Mr.  Prescott  here  and  Mr.  Delany.  Mr. 
Delany  has  done  something  in  this  line. 

Thb  Chaibmak  : — I  must,  beg  Mr.  Delany's  pardon  for  not 
having  recognized  him ;  I  hope  he  will  let  us  hear  from  him  on 
this  subject. 

Mb.  Patbick  B.  Delany  : — I  have  to  compliment  Lieut.  Patten 
on  the  very  clear  and  entertaining  discourse  he  has  given  on  a 
very  interesting  subject,  and  a  subject  in  which  I  have  had  some 
little  experience.  I  do  not  know  that  I  can  ask  any  questions 
that  will  throw  any  further  light  upon  it,  but  as  I  was  a  tele- 
grapher about  the  same  time  that  Mr.  Pope  was  in  the  business, 
perhaps  we  might  agree  upon  some  inquiries  that  would  be  inter- 
esting to  us  both.  I  would  suggest  one  by  asking  Lieut.  Patten, 
how  many  contacts  to  the  line  he  proposes  to  give  for  each  Morse 
circuit,  so  as  to  make  the  circuit  sufficiently  continuous  for  the 
manipulation  of  the  average  Morse  operator.  I  didn't  catch 
clearly  the  number  of  pulsations  per  second  that  he  proposed  to 
apply  to  each  branch  circuit  with  his  distributors. 

Lieut.  Patten  : — The  question  is  certainly  a  very  pertinent 
one,  and  one  which  cannot  yet  be  answered  with  all  the  definite- 
ness  I  would  like  to  give  it ;  but,  in  general  terms,  I  would  say 
the  number  of  segments  given  to  each  operator  necessarily  de- 
pends upon  his  speed.  I  would  simply  say  that  we  have  four 
contacts  for  a  line.  We  have  made  a  sounder  work  with  clear 
action  upon  an  artificial  line,  of  course,  at  the  rate  of  30  words  a 
minute.  There  are  two  things  which  determine  the  number  of 
contacts  to  be  given  to  any  operator  in  the  circumference  of  a 
distributor ;  one  is  the  speed  at  which  the  trailer  is  driven  and 
the  other  is  the  amount  of  time  that  the  trailer  rests  in  contact 
with  the  segment.  Four  contacts  give  a  good  reliable  result ; 
that  would  give  about  1200  pulsations  per  minute. 

Mb.  Delany  : — You  say  that  the  number  of  contacts  that  each 
operator  would  have,  as  a  matter  of  course,  depends  on  the  num- 
ber of  revolutions  of  the  distributor.    Not  necessarily  so,  because 
your  distributor  might  have  a  very  slow  speed  and  make  several  e 
contacts  per  revolution  for  each  operator. 
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LiECT.  Patten: — I  say  it  depends  upon  the  rate  of  the  trailer 
in  a  given  unit  of  time. 

Mr.  Delany  : — If  you  increase  the  number  of  segments  in  a 
circuit  connected  to  any  operator's  instrument,  of  course,  with  a 
very  slow  motion  of  your  trailer,  you  would  get  the  same  number 
of  contacts.  The  object  of  my  inquiry  was  to  ascertain  the  num- 
ber of  contacts  that  could  be  given  to  each  operator,  and  at  the 
same  time  afford  the  necessary  duration  of  contact  between  the 
distributing  trailer  and  each  segment,,  and  enable  you  to  transmit 
currents  over  a  line  of  a  considerable  resistance. 

Lieut.  Patten  : — This  is  a  refinement  of  the  subject  which 
can  only  be  determined  by  prolonged  experiment.  I  would  say 
that  with  a  few  thousand  ohms  resistance  we  could  get  lower  than 
1-400  or  1-500  part  of  a  second  from  a  single  contact. 

Mr.  Delany  : — You  say  that  with  1200  contacts  a  minute,  you 
get  a  sufficiently  continuous  circuit  ? 

Lieut.  Patten: — Well,  so  far  as  our  experiments  have  indi- 
cated, which  are  on  an  artificial  line. 

Mr.  Pope  : — It  is  my  impression  that  Mr.  Delany's  experience 
does  not  quite  coincide  with  that  of  Lieut.  Patten,  in  regard  to 
that  contact,  and  I  would  like  to  hear  what  his  experience  has 
been  as  to  the  number  of  contacts  per  second  necessary  to  permit 
of  fast  Morse  manipulation  on  long  wires. 

The  Chairman  : — Mr.  Delany,  would  you  kindly  give  us  some 
of  the  results  of  your  experience,  and  I  think  it  would  be  par- 
ticularly interesting  if  you  would  tell  us  your  experience  as  to  the 
maximum  number  of  pulsations  which  can  be  maintained  on  a 
line  of  a  given  length,  and  having  a  given  static  capacity ;  L  e. 
the  number  of  impulses  per  minute  before  the  static  charge  inter 
feres  to  any  great  extent. 

Mr.  Delany  : — My  experience  ^ould  lead  me  to  believe,  not 
to  state  it  exactly  but  in  a  general  way,  that  on  a  circuit  of,  say, 
100  miles,  from  New  York  to  Philadelphia,  for  instance,  with 
perhaps  1,200  to  1,500  ohms  resistance,  and  an  iron  wire  of  a 
capacity,  probably,  of  IJ  or  2  microfarads,  that  about — I  will  have 
to  make  a  little  calculation  to  aid  me — that  about  500  impulses  per 
second  can  be  transmitted  over  such  a  line  and  received  on  seg- 
ments corresponding  in  position  in  the  circle  on  a  circuit  table, 
provided  the  trailers  and  the  distributor  are  in  synchronism  and 
allowing  a  slight  moment  of  time  for  the  retardation  of  the  cir- 
cuit.    If  the  retardation  amounts  to  one  500th  part  of  a  second 
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then  the  curreBt  sent  at  one  segment  in  a  particular  position  in 
the  circuit  will  be  transferred  to  the  segment  next  in  the  direc- 
tion of  the  reyolving  trailer,  and  especially  so,  if  the  line  is  not 
cleared  of  its  static  charge.  After  each  impulse  has  been  sent 
into  the  line,  the  charge  that  is  in  the  line  delays  the  next  initial 
impulse  that  goes  into  the  line  and  delivers  it  in  a  segment  still 
further  removed  at  the  receiving  end.  I  have  found  that  in  the 
operation  of  what  we  call  good  Morse  circuits,  it  requires  at  least 
35  or  36  impulses  per  second  to  make  a  smooth  circuit,  so  that 
the  operator  manipulating  the  key,  as  is  frequently  done,  at  the 
rate  of  12  to  15  times  in  a  second,  may  transmit  to  the  full  meas- 
sure  of  his  ability,  or  say,  forty  words  a  minute. 

The  Chairman: — Of  one  polarity? 

Mr.  Delany  : — Of  one  polarity,  or  witli  a  reversal  of  polarities 
you  would  get  about  the  same  result.  With  that  number  of  con- 
tacts in  a  second,  I  have  seen  more  than  forty  words  transmitted 
for  a  considerable  period  of  time  continuously,  say,  for  half  an 
hour  over  circuits  about  as  I  have  described.  In  order  to  do  that 
it  requires  a  circuit  that  varies  not  more  than  1-1000  part  of  a 
second.  If  there  is  variation  in  excess  of  that  the  currents  become 
so  weak  that  the  relays  would  go  out  of  adjustment  or  it  would 
be  very  sensibly  felt  at  the  relays  at  the  receiving  station. 

Lieut.  Patten  : — Mr.  Delany  has  remarked  upon  one  feature 
that  it  might  be  of  interest  to  mention  in  connection  with  this 
system.  I  might  have  put  it  into  the  paper,  but  as  I  have  said,  I 
did  not  care  to  go  into  detail.  There  is  an  essential  difference 
between  the  system  as  shown  here  and  any  system  that  is  founded 
on  the  isochronous  motion  of  different  moving  parts  at  different 
stations.  For  instance,  in  figure  5,  if  the  apparatus  were  driven 
by  isochronous  machines  which  were  absolutely  synchronous, 
the  two  trailers  would  be  inclined  at  exactly  the  same  angle  of 
position  at  the  same  instant,  and  if  an  electric  impulse  were  sent 
over  the  line,  and  it  took  any  time  to  reach  the  other  end  of  the 
circuit,  it  is  evident  that  the  trailers  would  have  left  the  position 
where  they  were  when  the  impulse  started.  Whereas,  in  a  system  of 
this  character  where  variable  synchronism  is  maintained  we  have 
what  you  might  describe  as  transmitted  synchronism.  The  trailer 
is  just  as  much  behind  the  initial  one  at  the  receiving  station  as 
the  time  required  for  the  current  to  traverse  the  line.  These 
refinements  are  somewhat  delicate,  but  if  there  is  such  a  distinc- 
tion, it  is  evident  that  we  have  more  chance  of  ffettiiur  the  cnr- 

'  Digitized  by^OOg re 


180  A  NSW  8T8TEM  OF  MULTIPLEX  TELEGRAPHY. 

rent  ont  upon  its  proper  segment  in  a  system  that  is  variable  than 
in  one  that  is  irochronous. 

I  merely  bring  this  point  out  to  show  the  diflferenee  between 
synchronism  independently  maintained  and  that  maintained  by 
the  circuit.  I  would  like  to  ask  Mr.  Delany  what  e.  m.  f.  he 
used  for  the  circuit  he  describes  of  100  impulses,  working  Morse 
instruments. 

Mb.  Delaitt:— About  75  volts  we  used  on  the  circuit  that  I 
referred  to.  I  mark  the  distinction  that  the  Lieutenant  wished 
to  draw  between  synchronism  that  is  maintained  by  machines  tliat 
are  not  isochronous  in  their  movements,  and  that  of  the  synchron- 
ism shown  on  the  board  maintained  by  transmitted  impulses.  I 
would  say,  that  the  synchronism  with  which  I  have  had  ex-* 
perience,  is  also  maintained  entirely  by  transmitted  impulses,  i.  e., 
the  synchronism  is  not  maintained  in  any  way  by  the  isochronous 
method  independent  of  the  two  machines.  One  machine  is  cor- 
rected in  its  movement  by  impulses  transmitted  from  the  other 
end  of  the  line,  the  receiving  machine  is  corrected  by  the  trans- 
mitting machine,  and  vice  versa.  The  impulses  are  sent  in  op- 
posite directions  at  different  periods  of  the  rotation  of  the  trailer, 
so  that,  if  the  current  is  sent  over  segment  No.  1,  we  will  say,  at 
station  x,  and  if  it  takes  the  time  represented  by  the  distance 
from  No.  1  to  No.  2  segment,  to  reach  the  receiving  end,  then 
the  correcting  impulses  which  keep  the  instruments  in  synchron- 
ism will  maintain  that  relation  and  position  of  the  trailer.  We 
have  found  it  necessary  in  practice  to  maintain  the  instruments 
in  synchronism  on  corresponding  segments  where  it  was  neces- 
sary or  desirable  to  telegraph  in  opposite  directions  simultaneous- 
ly. Because,  if  segments  at  each  end  of  the  line  are  connected  to 
operator  a,  and  one  operator  is  sending  to  the  other,  the  in- 
strumenls  being  in  synchronism,  the  time  of  the  impulses 
over  the  line  is  represented  by  the  time  of  the  trailer  from  one 
segment  to  the  other;  it  will  readily  be  understood  that  if  a  be 
sending  to  b  and  the  instruments  are  in  synchronism  for  that 
condition,  then,  if  b  should  turn  around  and  send  to  a,  a  would 
not  receive  the  impulses  that  were  sent  to  him.  Consequently, 
we  have  to  synchronize  on  corresponding  segments  if  we  wish  to 
work  in  opposite  directions  simultaneously.  If  the  transmission 
is  always  done  in  one  direction,  then,  as  you  can  readily  see,  it 
makes  no  difference.  The  time  of  contact  of  the  segments  must 
correspond  to  the  time  of  transmission  on  the  line  in  order  to 
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traDsmit  simultaBeoiiBly  in  opposite  directionB.  But  where  the 
time  on  the  line  is  snch  aB  to  make  the  transfer  more  than  the 
margin  allowed,  {i.  e.j  the  variations  of  the  instruments  on  the  face 
of  corresponding  segments,)  you  cannot  work  in  opposite  direc- 
tions simultaneously. 

Mb.  C.  J.  Eintneb: — I  desire  to  call  attention  to  the  fact, 
which  Lieut.  Patten  appears  to  have  overlooked  in  his  very  good 
description  of  his  apparatus,  that  it  is,  so  far  as  I  am  aware,  the 
first  apparatus  by  which  isochronous  movement  is  effected  by  the 
apparatus  itself.  In  the  old  Oasselli  system,  which  is  perhaps  the 
first  isochronous  telegraph  with  which  we  are  familiar,  the  iso- 
chronous movement  is  brought  about  by  the  movement  of  a  pen- 
•  dulum.  In  Mr.  Delany's  system,  with  which  we  are  all  familiar, 
it  is  done  by  the  harmonic  principle.  In  Lieut.  Patten's  system, 
it  depends  upon  the  peculiar  phases  of  the  alternating  current 
generator  and  an  alternating  current  motor.  It  was  my  good 
fortune  last  summer  to  make  a  somewhat  extended  set  of  tests 
and  experiments  of  Lieut.  Patten's  apparatus  as  to  its  efiiciency 
and  as  to  the  isochronous  movements  of  the  apparatus  and  I 
found  that  the  apparatus  moved  uniformly  in  synchronism,  and 
during  the  experiments,  a  very  interesting  feature  came  out.  We 
were  using  six  sets  of  keys  at  each  end  of  the  line  and  I  was  test- 
ing first  with  all  the  keys  closed ;  then  one  key  closed  at  each 
end,  and  successive  keys  and  various  numbers  of  keys,  to  see  that 
there  was  absolute  synchronism.  I  discovered  that  when  key 
No.  1  at  section  No.  1  was  closed  at  each  end,  that  there  was  a 
faint  response  on  section  No.  2.  I  called  Lieut.  Patten's  atten- 
tion to  it  for  the  reason  that  I  could  not  understand  why  it  was 
so.  At  last  upon  close  examination  of  the  brushes  I  found  that  they 
were  set  slightly  at  an  angle,  so  that  as  the  brush  was  passing 
off  section  No.  1,  it  was  at  the  same  time  also  on  section  No.  2«  so 
that  we  had  a  response  on  the  other  section,  which  was  an  absolute 
proof  of  the  synchronism  of  the  two  sections.  Lieut.  Patten  is 
making  a  sketch  which  will  show  this.  I  desire  to  call  attention 
to  the  fact  that  the  apparatus  is  capable  of  operation,  as  the 
Lieutenant  has  advised  me,  with  an  alternating  current,  in  which 
it  is  possible,  as  I  understand,  to  transmit  messages  over  longer 
lines  by  reason  of  the  fact  that  with  an  alternating  current  he  is 
able  to  discharge  the  line  more  rapidly. 

Mb.  B.  C.  Batohblleb  : — I  would  like  to  ask  how  many  cir- 
cuits are  worked  at  one  time  ? 

Lieut.  Patten  : — In  answer  to  that  question  I  have  simply  to^ 
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say  that  our  work  was  entirely  experimental,  and  I  am  not  at 
liberty  to  state  what  the  capacity  of  the  system  is,  as  it  has  not 
been  tried  in  such  shape  that  I  should  be  warranted  in  stating  it. 

The  Chairman: — There  is  one  practical  question,  I  tliink, 
which  follows  from  the  observations  made  by  Mr.  Delany.  and 
while  he  was  speaking  I  rather  misapprehended  his  statement. 
Mr.  Delany  states  that  on  each  pair  of  instruments  you  have 
some  35  pulsations  per  second,  in  order  to  get  Morse  readings. 
Now  it  so  happens  that  in  Mr.  Delany's  system  he  has  the  control 
of  making  these  impulses  of  either  polarity,  because  the  battery 
is  used  at  either  end  of  the  line  and  can  connect  either  pole  to  the 
ground.  If  I  understand  the  Lieutenant's  system  rightly,  the  polar- 
ity of  the  impulses  is  alternating  necessarily.  Consequently,  out  of* 
35  impulses  given  to  the  pair  of  instruments,  17  of  them  will  be 
of  one  polarity  and  the  rest  of  them  another.  The  question  then 
occurs  whether  that  number  would  be  suflScient,  or  whether  in 
reality  it  would  not  be  necessary  for  him  to  have  35  of  each 
polarity  in  order  to  effect  good  Morse  readings  ? 

Lieut.  Patten  : — I  have  to  say  in  reply  that  with  our  artificial 
line  work,  which  is  all  we  have  done  up  to  date,  we  have  found 
that  a  far  less  number  than  35  gives  us  very  good  results.  In  fact, 
the  sounder  acts  very  clear  and  sharp  and  is  up  to  a  speed  of 
transmission  of  some  thirty  words  a  minute,  with  some  15  pul- 
sations per  second,  I  should  judge  as  the  average  amount.  It  is 
impossible  to  tell  accurately  what  number  of  pulsations  there 
might  be  within  5  or  10.   Jt  varies  from  15  to  25, 1  should  think. 

Mr.  Fbanois  B.  Cbockeb  : — Lieut.  Patten  has  spoken  several 
times  of  variable  synchronism.  The  expression  is  perfectly  cor- 
rect, but  it  sounds  rather  startling  to  the  ordinary  hearer,  because 
one's  idea  naturally  is  that  synchronism  is  constant.  He  also 
makes  a  distinction  between  synchronism  and  isochronism. 
There  is  a  distinction,  of  course,  but  he  did  not  explain  it  very 
fully.  Synchronism  means,  for  example,  that  the  two  instru- 
ments revolve  together  whether  fast  or  slow,  whereas  isochronism 
means  that  they  revolve  together  at  a  certain  speed.  With  a 
variable  synchronism  one  may  start  off  two  instruments  revolving 
together  at  100  revolutions  and  then  raise  the  speed  of  both  at 
the  same  time  to  1000  revolutions,  but  they  still  run  synchron- 
ously all  the  time,  just  as  the  two  driving  wheels  of  a  locomotive 
which  are  attached  to  the  same  axle,  of  course  revolve  synchron- 
ously ;  i.  e,  at  the  same  speed,  but  they  may  revolve  at  100  or 
1000  revolutions  a  minute.     It  is  in  this  way  that  we  have  a  vari- 
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able  Bynchronism.  I  considered  that  the  confusion  which  might 
arise  from  this  was  worth  pointing  out.  The  Lientenant  passed 
over  it  qnite  rapidly,  because,  of  course,  he  is  so  very  familiar 
with  the  subject. 

The  Chaibiian: — That  is  a  very  important  distinction  that  Mr. 
Crocker  has*made.  It  would  appear  that  Lieut  Patten's  system 
works  both  synchronously  and  isochronously. 

Lieut.  Patten  : — ^Mr.  Crocker's  distinction  is  quite  correct.  I 
had  intended  to  bring  it  out,  but  perhaps  did  not  do  so  quite 
clearly  enough,  but  the  distinction  he  makes  is  in  further  illustra- 
tion of  my  paper,  and  I  thank  him.  In  working  the  instruments, 
we  try  to  drive  them  at  as  uniform  a  rate  as  possible.  I  brought 
out  this  idea  of  variable  synchronism  as  a  distinguishing  feature 
of  the  system,  not  as  one  that  would  necessarily  be  used  to  a  large 
extent.  If  machines  are  running  at  a  good  speed,  a  uniform  100 
or  200  revolutions  per  minute,  they  are  isochronous  machines, 
and  of  course  synchronous  also.  Sut  if  their  speed  is  changed, 
they  are  no  longer  isochronous  for  the  time  being,  they  are  simply 
synchronous. 

Mb.  E.  C.  Davidson  : — With  your  permission  I  should  like  to 
refer  to  one  point.  Mr.  Kintner  has  suggested  that  the  Delany 
system  was  based  on  a  harmonic  principle.  I  do  not  so  under- 
stand it.  I  waited  for  some  one  to  inquire  into  that,  but  as  no 
one  has  done  so,  I  wiU  take  the  liberty  of  speaking  of  it.  As  I 
xmderstand  it,  no  question  of  harmonics  is  involved.  The  circuit 
breaker  is  employed  to  control  the  rotation  of  the  motor  at  either 
end  of  the  line.  That  circuit  breaker,  it  is  true,  may  be  a  fork, 
it  may  be  a  rotating  wheel ;  that  is  entirely  immaterial.  There 
is  no  question  of  harmony  about  it.  As  the  circuit  breaker  makes 
and  breaks  the  circuit  at  the  end  of  the  line,  what  is  after  all  a 
small  electric  motor  is  rotated,  that  is,  the  passage  of  the  pole  of 
a  disc  or  armature  in  front  of  a  magnet  coincides  with  the  break 
in  the  circuit ;  that  produces  the  rotation.  Now  the  character  of 
the  impulse  sent  from  one  station  to  another  merely  modifies  the 
circuit  breaker ;  it  slows  it  or  accelerates  it,  and  the  two  instru- 
ments are  thus  tied  together.  I  do  not  understand  that  it  is  at 
all  analogous  to  a  harmonic  telegraph. 

The  Chaibhan  : — I  think  the  distinction  is  quite  right  to  a 
certain  extent,  but  probably  the  word  harmonic  should  have  be^n 
changed  to  rhythmic.  The  action  of  the  instrument  in  Mr. 
Delany's  system  has  reference  more  to  maintaining, a  certain 
rhythm  in  the  pulsations  than  to  their  harmony.^^i^'^^^^^^^^S^^ 


lU  A  NffW  SYSTEM  OF  MULTIPLEX  TELEGRAPHY. 

Mr.  Kintner  : — I  accept  the  suggestion,  I  simply  wanted  to 
convey  the  idea  that  in  Mr.  Delany's  system,  Kke  Casselli's,  the 
synchronism  was  maintained  by  an  extraneous  apparatus,  an  ap- 
paratus extraneous  to  the  motors  themselves.  Of  course,  we  are  all 
familiar  with  Mr.  Delany's  inventions  and  know  exactly  what 
they  do.  We  are  aware  that  his  inventions  have  wrought  a 
wonderful  improvement  in  multiplex  telegraphy,  and  most  of  us, 
I  presume,  have  seen  them  in  operation.  They  were  in  operation 
here  at  tlie  Institute  some  years  ago,  and  there  is  no  doubt  abott 
their  wonderful  success.  I  had  no  idea  of  calling  them  harmonic 
telegraphs,  I  merely  wanted  to  bring  out  that  distinction  that 
they  were  controlled  by  extraneous  means. 

Mr.  Delany  : — I  beg  to  assure  Mr.  Kintner  that  there  is  no 
discord  produced  by  his  allusion  to  harmonics. 

The  Chairman  : — ^We  have  with  us  this  evening  a  gentleman 
who  knows  something  of  multiplex  telegraphy  in  Europe,  our 
friend  Mr.  Abdank-Abakanowicz. 

Mr.  Delany  : — If  you  will  pardon  me  one  moment,  when  Mr. 
Davidson  referred  to  the  making  and  breaking  apparatus,  I  was 
going  to  make  the  description  a  little  more  clear,  perhaps,  by 
stating  that  it  was  an  automatic  circuit  breaker  originally,  a  tun- 
ing fork  in  connection  with  what  is  known  as  the  phonic  wheel  y 
that  is,  perhaps,  where  Mr.  Kintner  inadvertently  got  his  idea  of 
harmony.  My  synchronous  and  my  multiplex  telegraph  are 
based  primarily  on  the  very  ingenious  contrivances  of  Mr.  Paul 
La  Cour,  his  automatic  xsircuit  breaker  in  connection  with  a  phonic 
wheel,  an  instrument  that  is  moved  by  very  fine  increments.  It 
moves  in  a  little  space  at  a  time,  and  consequently  has  no  oppor- 
tunity for  very  wide  variation  before  it  is  brought  again  to  the 
centre  of  attraction  by  those  recording  impulses. 

Mr.  Abdank  stated  that  he  had  never  made  a  special  study  of 
telegraphy,  but  he  had  examined  with  great  interest  the  syn- 
chronous devices  of  Lieut.  Patten,  and  was  impressed  especially 
with  the  solidity  and  great  power  of  the  motor  running  in  syn- 
chronism. 

The  Chairman  : — There  is  a  great  deal  of  interest  to  be  said 
on  this  subject,  but  as  the  time  seems  to  be  passing  away,  I  shall 
have  to  pass  on  to  the  consideration  of  the  next  topic,  which  is 
the  notes  on  Mr.  Acheson's  paper,  by  Messrs.  C.  T.  Child  and  Jo. 
Stanford  Brown. 

Mb.  Brown  then  read  the  following  paper :  ^  r 
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LIGHTNING  AKEESTERS  AND  THE  PHOTOGRAPHIC 
STUDY  OF  SELF-INDUCTION. 


NOTES   ON  MR.   E.   G.    ACHESOn's   PAPER,    BY   JOS.    STANFOBD    BROWN 
AND   CHARLES   T.    CHILD. 


Having  been  requested  upon  very  short  notice  to  re-open  the 
discussion  on  the  highly  interesting  paper  on  "  Lightning  Ar- 
resters and  the  Photographic  Study  of  Self-Induction,"  presented  at 
the  Institute  meeting  held  January  8th,  the  following  hasty  notes 
and  queries  are  with  diffidence  offered  for  consideration.  Truth 
alone  is  sought,  and  it  is  a  matter  of  regret  if  any  criticism  should 
even  tend  to  disparage  the  worthy  endeavors  of  one  who  has  so 
fearlessly  grappled  a  problem  fraught  with  such  interest  alike  to 
both  theorist  and  practical  electrician. 


Fig.  1. 

After  careful  reading  it  would  seem  sjb  if  the  subject  might  be 
approached  with  advantage  from  more  than  one  standpoint,  and 
that  even  somewhat  different  conclusions  were  deducible  simply 
by  re-arrangement  of  the  experimental  data.  We  have  given,  a  sub- 
marine or  subterranean  cable,  to  each  end  of  which  at  its  junction 
with  the  main  line  a  lightning  arrester  is  connected  in  the  most 
approved  manner.  Fig- 1,  to  determine  why,  in  spite  of  these  pre- 
cautions, the  cable  is  not  infrequently  punctured  when  an  "  elec- 
trical discharge"  enters  the  overhead  system. 

For  experimental  purposes  this  has  been  reproduced  in  minia- 
ture, as  shown  in  Figs.  2,  2a,  2b  and  2c,  by  the  line  l  entering  the 
cable  K  at  the  point  p,  to  which  point  is  attached  the  Kghjtnjnfi; 
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arrester  c  grounded  through  the  wire  w.  The  "  electrical  dis- 
charge" arises  from  the  Leyden  jar  j,  charged  from  the  Holtz 
machine  m  n,  and  strikes  the  line  at  a.  The  outside  of  j  will 
represent  the  earth,  to  which  the  ground  wire  w  and  the  "earth- 
ing" of  the  cable,  represented  by  e,  "twisted  a  single  turn" 
(  Western  Electrician^  IV,  47)  about  the  cable,  is  connected.  Is 
it  not  possible,  then,  to  throw  Fig.  2  of  the  previous  paper  into 
the  form  Fig.  2a  for  the  purpose  of  drawing  attention  more  di- 


Fjg.  2. 

A  and  C  constant. 
B  and  W  variable. 
Capacity  of  J— .0025  m.  f. 
**        "  M  and  N  not  given. 
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Fig.  2  a. 

Fig.  2  redrawn. 

Case  of  a  cable  protected  by  a  lightning  arrester. 

rectly  to  the  relation  of  the  circuits  involved  ?  The  discharge,  or 
momentary  current,  from  the  jar  j  entering  at  a  traverses  the 
line  L  to  the  point  p,  where  two  patlis  are  offered;  one,  through 
the  lightning  arrester  c  to  earth  e  ;  a  second,  in  practice,  by  punc- 
turing the  cable  insulation.  C  now  being  made  but  a  fraction  of 
the  insulation  thickness,  and  w  a  short,  thick  copper  wire,  it  was 
found  that  the  cable  was  still  frequently  punctured  at  times  when 
a  spark  appeared  at  c,  and  that  the  length  of  w  appeared  to  enter 
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the  effect  equally  with  the  space  variation  of  c.  No  pa/ri  of  the 
effect^  it  will  be  noted,  i%  attributed  to  the  action  of  the  cahU  as 
a  condenser,  • 

The  problem  is  now  changed  to  that  shown  in  Figs.  8  and  3a, 
presenting  a  divided  circuit  with  the  lightning  arrester  at  a  con- 
stant distance  of  .02  inch,  and  the  earth  wire  w  long,  compared 
with  that  connecting  the  variable  b  space  with  the  same  earth 
point.  May  not  this  arrangement  of  split  circuit  with  an  air 
space  in  each  branch  be  looked  upon  as  the  general  case  for  which 
Dr.  Lodge's  "  alternative  path  "  represents  the  condition  of  mak- 


FiG.  3  a. 
Fig.  8  redrawn. 
A  constant— 0.286.^ 
C        ••      —0.020.'' 
B  variable. 
W,  of  copper,  .062'^  diameter,  with  variable  length. 

ing  one  of  the  air  spaces  zero  ?  What  then  is  the  relative  efficacy 
of  changing  the  length  of  w  and  the  distance  of  the  o  points  to 
prevent  a  spark  at  b  which  represents  the  puncturing  of  the  cable 
insulation,  providing  the  b  points  are  held  equivalent  to  the  long 
length  of  cable  wire  at  any  point  of  which  puncturing  may  occur? 
To  decide  this  with  a  and  c  fixed  at  .286  and  .02  inch,  respec- 
tively, B  was  varied  with  w  to  keep  the  spark  ratio  of  b  to  a  con- 
stant at  one  to  ten.  Then  removing  c  (i.  e,^  for  c  equals  zero)  the 
operation  was  repeated,  and  a  comparison  of  these  results  is  shown 
in  the  curve,  Plate  A.    Instead  of  this  procedure,  should  not  b^ 
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have  been  made  non-sparking  for  c  and  a  fixed,  and  w  varied 
until  a  spark  was  got  at  b,  and  then  w  left  constant  for  variations 
of  c  up  to  a  point  where  b  would  spark  ?  i 

That  with  the  connections  of  Fig.  4  and  w  equal  20  feet  a 
spark  should  pass  at  b  of  over  ^  inch  in  length  might  periiaps 
have  been  expected  from  Dr.  Lodge's  results  (London  Electricia/n^ 
XXI,  815),  shown  here  in  Fig.  -ib,  when  there  is  an  alternative 
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path  in  which  the  self-induction  of  w  (Lodge's  l°  loop)  comes 
into  play.  True,  Fig.  4  is  not  an  '* alternative  path"  of  necessity, 
for  the  b  points  may  be  moved  out  of  the  sparking  distance. 

W  is  now  supposed  "  electrified  "  by  the  charge  across  a.  The 
"inverse  extra  current"  of  making,  simply  cuts  from  the  charg- 
ing current;  but  the  "direct  extra  current"  of  breaking,  ^.^., 
charging  impulse  cessation,  acts  as  its  continuation  but  at  a  higher 

Digitized  by  LjOOQIC 


PHOTOQBAPHIO  STUDY  OF  8ELFINDUCTI0N. 


189 


potential  (Ganot,  7th  edition,  776).  This  extra  current  then  is 
running  towards  e  and  would  naturally  be  supposed  to  equalize 
on  the  same  path  as  the  current  generating  it.  It  might  there- 
fore be  expected  to  dissipate  on  reaching  earth ;  the  circuit  is, 
however,  claimed  to  close  itself  through  p  w  e  b,  or,  more 
cle  trly,  around  the  closed  circle  of  the  l^  loop.  Fig  4b. 

It  would  be  of  interest  to  some  in  this  connection  to  know  how 
it  was  ascertained  that  the  instantaneous  time  duration  of  the 
extra  current  is  shorter  than  that  of  the  charging  current ;  for  if 


Fig.  4. 


k.    A 

Wl    m 

L 

P 

W 

(     B 

5 

E 

1 

Fig.  4  a. 
Fig.  4  redrawn. 
A  constant— 0.«86." 
B        ••     —0.888.'^ 
C  removed. 
W— 20  feet  of  copper  wire,  .052'^  diameter. 

this  be  assumed,  because  of  the  known  higher  electromotive  force 
of  the  former,  the  argument  would  seem  to  be  in  a  circle. 

On  the  assumption  that  the  extra  current  dissipates  through  b, 
and  not  in  the  earth,  it  is  argued  that  shortening  w  would  tend 
to  decrease  this  tendency  to  puncture  the  cable.  To  test  this  we 
have  B  equal  the  insulation  thickness,  c  and  vf  removed,  and  we 
get  Fig.  2b  if  the  o  w  circuit  be  supposed  omitted.  "  With  this 
arrangenrent  it  was  not  found  possible  to  puncture  the  cable." 
May  not  this  be  regarded  simply  as  a  safety  short  circuit  for  our 
cable  considered  as  a  Leyden  jar?  And  what  is  this  but  a  work- 
ing case  of  a  cable  effectually  protected  by  a  lightning  arrester^ 
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B?  While  the  electrostatic  capacity  of  a  "  short  piece  of  cable  " 
may  be  negligible  compared  with  that  of  twenty  feet  of  No.  16 
B.  &  S.  wire,  it  is  perhaps  doubtful  if  the  capacity  of  a  commercial 
cable  could  be  so  regarded  in  comparison  with  that  of  the  ground 
wire  from  the  lightniug  arrester. 

It  is  not  altogether  plain  how  the  direct  extra  current  is  an 
effect  of  Faraday's  electro-tonic  state  when  Faraday  says  {Re- 
aearcJies^  I,  16) :  "  This  state  is  altogether  the  effect  of  induction 
exerted,  and  ceases  as  soon  as  the  inducing  force  is  removed. 
And  Jaquez  ("  Dictionaire  d'Electricit6  et  de  Magnetisme,"  1887, 


Fig.  4  b 

Cut  of  Dr.  Lodge's  Fig.  2,  London  Electrician  (vol.  xxi,  page  815.) 

showing  alternative  path. 


Fig.  2  b. 

p.  138)  defines  it  as  "  the  state  of  the  conductor  daring  the  inter- 
val of  time  which  separates  the  appearance  and  disappearance  of 
an  induction  current."  Maxwell,  by  the  way  ["  Electricity  and 
Magnetism  "  (2d  ed.)  II,  174],  calls  it  "  the  fundamental  quantity 
in  the  theory  of  electro-magnetism."  Would  it  not  be  possible 
to  regard  it  as  an  electro-magnetic  potential  stored  in  the  wire 
ready  to  show  itself  as  direct  extra  current  ?  With  the  citations 
quoted  above,  how  can  this  electro-tonic  state  exist  before  the 
electrifying  current  is  discharged  into  the  circuit  ? 

Fig.  5,  5a,  6  and  6a  illustrate  effects  of  different  kinds  of  work 
introduced  into  the  circuit.    For  references  see  Fleming 
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Lectures  to  Electrical  Artisans,"  pp.  44,  45,  and  Ganot,  7  ed., 
776;  Maxwell,  "Electricity  and  Magnetism,"  2d  ed.,  II,  211; 
Dove,  PoggendorflPs  Armalm^  Vol.  XLIX,  1840,  etc. 

The  methods  used  in  the  photographic  part  of  the  investigation 
would  seem  to  cast  some  doubt  on  the  results  claimed.  The 
effects  noted  deal  chiefly  with  the  prolongation  or  diminution  of 
the  current  wave  of  the  jar  discharge  by  the  secohmic  resistance 
cut  into  the  circuit.  Might  not  a  large  element  of  uncertainty 
be  introduced  in  the  plates  by  the  different  degrees  of  illuminat- 
ing power  possessed  by  the  sparks  and  by  the  irradiation  of  the 
plate? 


w 
Fig.  5. 
T— 0.25^  diameter. 


W 


Fig.  5  a. 
Fig.  5  redrawn. 

In  the  cases  when  the  discharges  are  through  76  and  20  inches 
of  the  same  wire,  respectively,  hardly  any  difference  appears 
in  the  spark.  Is'  it  not  possible  that  the  illuminating  power 
of  the  quick  bright  spark  through  the  short  wire  was  so  much 
greater  than  that  of  the  necessarily  more  extended  and  conse- 
quently fainter  spark  through  the  long  wire  as  to  make  the  effect 
practically  the  same  ? 

In  the  experiment  in  which  two  spark  intervals  are  included  in 
the  circuit,  as  against  one,  formerly,  it  was  found  that  the  spark 
was  materially  lengthened.    This  might  be  expected  considering  ^^ 
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the  practically  infinite  resiBtance  of  the  second  air  space  which  is 
introduced.  The  spark  length,  too,  was  found  inversely  propor- 
tional to  any  form  of  work  introduced  in  the  ground  wire  circuit. 
Possibly  the  photography  of  spark  duration  is  not  altogether  the 
best  method  of  measuring  them.  It  is  not  yet  by  any  means 
certain  that  a  sensitive  plate  is  equally  affected  by  small  equal 
time  intervals  at  the  beginning  and  end  of  the  exposure,  nor  is  it 
im{>robable  that  with  sharp  edged  holes  moving  at  an  extremely 
high  velocity  some  diffraction  phenomena  might  intervene  that 
would  introduce  serious  errors  in  the  photograph.  It  is,  besides, 
very  diflScult  to  measure  the  faint  trails  of  light  left  by  the  spark. 


w 


8 

Fig.  6. 
Length  of  parallel  portions  of  circuits,  85 '^ ;  distance  separating  them,  0.052. 


Fig.  6  a. 
Fig.  0  redrawn. 

On  the  negative  they  are  practically  invisible  and  in  the  prints 
their  extreme  delicacy  and  the  fact  that  they  fade  away  into  the 
surrounding  blackness  without  any  sharp  line  of  demarcation 
renders  them  almost  impossible  of  measurement.  On  these 
grounds  the  measured  spark  distances  of  the  first  part  of  the  ar- 
ticle are  probably  more  trustworthy  as  a  basis  for  theory  than  the 
photographic  results  of  the  second  part. 

Returning  to  our  original  problem,  why  may  not  the  cable,  act- 
as  a  condenser,  puncture  itself  in  discharging,  it  having  been 
charged  by  the  current  from  a,  Fig.  2c,  which,  meeting  the  light 
ning  arrester,  backs  up  its  potential  until  able  to  strike  across  aid 
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thus  to  ground  ?    This  discharge  occurs  simultaneously  with  the 
spark  at  c. 

If  a  wave  of  current  be  pictured  passing  along  a  linear  con- 
ductor, it  would  probably  appear  something  like  Fig.  7,  its  front 
lengthened  out  by  the  self-induction  effect  of  the  cable,  while  the 
tension  in. the  rear  part  is  raised  by  the  direct  extra  current.   This 


ime 


Fig.  7. 
Form  of  current  wave 


r-iS- 


Fig.  2  c 
Equivalent  to  Fig.  2,  with  cable  replaced  by  a  condenser. 

high  potential  wave  crest  moves  along  the  cable,  until  finding  a 
weak  spot  in  the  insulation,  it  discharges  rather  than  keeps  up  its 
strength  with  the  impeding  current  ahead  of  it. 

It  is  hoped  to  be  able  to  present  at  some  future  meeting  the 
results  of  certain  experiments  delayed  so  far  by  pressure  of  pro- 
fessional engagements.' 


DISCUSSION. 


Mk.  Brown  : — These  points  are  not  meant  to  be  anything  in 
the  nature  of  a  discussion  of  the  subject,  they  are  merely  brought 
up  as  hastily  considered,  and  we  hope  that  some  of  the  gentlemen 
present  may  find  them  worthy  of  discussion.  My  friend,  Mr. 
Child,  is  here,  and  will  be  glad  to  discuss  any  points,  I  am  sure.^ 

The  Chaibman  : — Gentlemen,  these  interesting  notes  are  no\^ 
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before  you  for  discussion.  It  is  to  be  regretted  that  Mr.  Acheson 
is  not  here,  because  he  is  so  familiar  with  the  subject  that  he 
would  have  been  able  to  say  something  of  interest  in  the  discus- 
sion ;  however,  as  the  authors  promise  us  a  paper  at  a  future 
meeting,  we  feel  quite  certain  from  the  foretaste  that  they  now 
give  us,  that  the  paper  will  be  of  great  interest.  The  subject 
matter  of  these  notes  is  one  that  is  now  receiving  a  great  deal  of 
attention  all  over  the  world,  particularly  in  England,  on  account 
of  its  great  bearing  upon  transmission  through  cables,  and  more 
remotely  on  the  effect  it  has  in  all  underground  work.  Conse- 
quently, it  is  a  matter  which  is  well  worthy  of  study  by  electrical 
engineers  in  general,  as  well  as  of  specialists. 

The  Secret aby  : — I  might  say  that  these  notes  were  prepared 
by  these  gentlemen  with  a  view  of  forestalling  any  criticism 
which  might  arise.  We  felt  in  talking  it  over,  that  if  the  paper 
was  to  be  criticised,  it  would  be  well  to  have  it  done  at  home, 
and  not  abroad,  and  for  that  reason  the  notes  were  presented  in 
this  way,  in  order  that  they  might  be  elaborated  at  some  future 
time.  I  might  say,  while  I  am  up,  that  Mr.  Abdank  will  be 
pleased  to  give  some  information  with  regard  to  headquarters 
which  it  is  proposed  to  establish  at  the  Paris  Exposition.  He 
spoke  to  me  about  it,  and  asked  me  to  do  it,  but  I  would  like  to 
have  him  explain  it  himself,  I  think  he  would  do  it  better. 

The  Chairman  : — If  there  are  no  remarks  on  this  pap6r,  we 
will  give  the  floor  to  Mr.  Abdank. 

Mr.  Abdank  : — We  have  next  year  an  exposition  in  Paris,  as 
you  know,  in  which  there  will  be  a  special  section  devoted  to 
electricity,  and  I  am  in  charge  of  that  section  for  the  United 
States.  I  have  collected  a  very  nice  exhibit,  and  I  suggested  hav- 
ing in  the  American  section  headquarters  for  the  electricians  of 
the  United  States.  We  will  have  there  a  collection  of  all  the 
electrical  papers  published  in  the  United  States  and  the  book& 
published  here,  and  then  we  will  have  a  special  attendant  there, 
who  will  have  in  charge  a  register,  where  the  members  of  the 
electrical  societies  can  come  and  find  necessary  information,  and 
I  would  suggest  that  the  Institute  here  give  us  for  the  Exposi- 
tion a  collection  of  the  proceedings  for  its  headquarters,  and  a 
book  wherein  the  members  of  the  society  arriving  in  Paris  may 
inscribe  their  names. 

The  Chairman  : — ^We  are  very  grateful  for  these  remarks ;  the 
plan  is  one  that  every  electrician  will  appreciate  ^wjbg  ^visits  the^ 
Exposition. 
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Mb.  Abdank  : — I  forgot  one  thing,  we  have  a  special  box  for 
the  reception  of  letters  addressed  to  members,  and  any  member 
intending  to  visit  the  Exposition  can  have  his  letters  delivered 
there  bj  simply  having  them  addressed  to  the  Paris  Exposition, 
American  Section,  Box  Electric.  Our  office  boy  will  put  all  the 
letters  in  order,  and  we  will  distribute  them  to  the  members 
arriving  in  Paris. 

The  Seceetary  : — The  Council,  as  you  are  probably  aware, 
has  arranged  to  supply  a  set  of  Transactions  to  the  Exposition, 
and  I  presume  they  will  act  on  Mr.  Abdank's  suggestion  and 
furnish  a  register  for  the  recording  of  names. 

The  Ohaibman: — ^I  have  no  doubt  that  the  subject  will  be 
taken  up  in  due  course  by  the  proper  authorities,  and  that  our 
secretary  here,  with  his  usual  eye  to  everything  relating  to  the 
welfare  of  the  Institute,  will  see  that  the  matter  is  attended  to  in 
the  proper  manner. 

Adjourned. 
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LIGHTNING  ARRESTERS  AND  THE  PHOTOGRAPHIC 
STUDY  OF  SELF-INDUCTION. 


A  Reply  to  the  Notes  of  Messrs.  Jo.  Stanford  Brown  and  Chas.  T.  ChUd. 
BT   E.    G.   A0HB80K. 

A  theory  that  cannot  withstand  the  attacks  incident  to  a  general 
discussion,  should  be  abandoned  at  the  earliest  moment.  It  is 
only  by  careful,  exhaustive  study,  experimentation  and  discussion, 
that  any  theory  can  be  proven  worthy  of  acceptance.  While  our 
thoughts,  energies  and  moneys  are  being  directed  to  and  expended 
for  the  adaptation  of  old,  well-known  principles,  and  the  improve- 
ment of  the  various  devices  embodying  those  principles,  it  is  wise 
to  keep  up  a  constant,  restless,  imtiring  search  for  new  principles. 

It  was  with  such  sentiments  in  mind  that  I  formerly  ap- 
peared before  you ;  it  is  with  such  sentiments  that  I  now  approach 
this  subject. 

The  reverence  that  all  students  of  science  should,  and  I  am 
sure,  do,  feel  for  the  opinions  and  theories  of  those  who  have  in 
past  years  labored  in  our  chosen  field  of  research,  ought  not  to  be  of 
such  an  all-absorbing  character  as  to  debar  them  from  striving  to 
add  to  and  expand  those  theories;  and  peradventure,  should 
occasion  arise,  abandon  and  throw  aside  those  opinions  and  theo- 
ries held  sacred  by  our  predecessors. 

The  discussion  on  my  paper,  entitled :  "  Lightning  Arresters 
and  the  Photographic  Study  of  Self-induction,"  was  reopened 
February  12th,  1889,  by  Notes  from  Mr.  Jo.  Stanford  Brown  and 
Mr.  Charles  T.  Child.  I  regret  that  my  time  has  been  so  much 
occupied  during  the  last  few  months,  that  -I  have  been  unable  to 
continue  my  investigations  on  the  subject  under  discussion.  Re- 
grets are,  however,  useless,  and  I  will,  therefore,  deal  with  the 
question  as  best  I  qbxv  with  the  material  at  hand. 

In  handling  the  subject,  permit  me  to  firet  quote  each  question 
or  point  as  expressed  in  the  "  Notes,"  and  then  present  such  ex- 
planations or  arguments  as  I  may  find  possible  or  convenient. 

Quotation: — "After  careful  reading  it  would  seem  as  if  the 
subject  might  be  approached  with  advantage  from  more  than  one 
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standpoint,  and  that  even  somewhat  different  conclusions  were 
deducible,  simply  by  rearrangement  of  the  experimental  data.. 
We  have  given,  a  submarine  or  subterranean  cable,  to  each  end 
of  which,  at  its  junction  with  the  main  line,  a  li^htnin^  arrester 
is  connected  in  tne  most  approved  manner,  Fi^.  1 ;  to  determine 
why,  in  spite  of  these  precautions,  the  cable  is  not  infrequently 
punctured  when  an  "electrical  discharge"  enters  the  overhead 
system.  For  experimental  purposes  tms  has  been  produced  in 
miniature,  as  shown  in  Fig.  2,  2a,  2 J,  and  2<3  *.*  *" 

Ebply: — Figs.  2a^  2J  and  2<?  have  been  introduced  by  the 
Authors  of  the  "Notes,"  and  while  Figs,  ^a  and  2J  are  a  close 
analogy  to  Fig.  2  and  may  be  used  to  represent  the  case  as  pre- 
sented in  my  paper,  I  mdce  exceptions  to  Fig.  2o,  for  a  condenser 
as  there  illustrated,  can  not  be  substituted  for  an  elongated  con- 
denser as  is  obtained  with  a  cable  (see  p.  143.) 

Quotation: — "C  now  being  made  but  a  fraction  of  the  insula^ 
tion  thickness,  and  w  a  short,  thick  copper  wire,  it  was  found  that 
the  cable  was  stiU  frequently  punctured  at  times  when  a  spark 
appeared  at  o,  and  that  the  length  of  w  appeared  to  enter  the 
enect  equally  with  the  space  variation  of  c." 

Eeply  : — Part  of  this  quotation  contains  language  similar  to 
that  used  in  my  paper,  as  do  various  other  portions  of  the 
"  Notes  "  but  as  no  quotation  marks  are  used,  I  can  not,  of  a  cer- 
tainty, tell  whether  the  authors  made  any  of  these  experiments 
or  whether  they  are  simply  restating  the  experiments  and  re- 
sults obtained  by  me.  If  the  latter  be  the  case  I  beg  to  correct 
the  results,  as  stated  to  have  been  obtained,  in  the  last  quotation. 
I  found  the  wire  w  appeared  to  have  as  much  influence  on  the 
results  as  the  space  o.  The  space  o  was  always  of  a  uniform 
length,  hence  no  space  variation  of  c  occurred. 

Quotation  : — "  What,  then,  is  the  relative  efficaw  of  changing 
the  length  of  w  and  the  distance  of  the c  points  (Iigs. 3  and  3a), 
to  prevent  a  spark  at  b  *  *  *  " 

Eeply  : — Owing  to  the  fact  that  the  authors  then  proceed  to 
describe  one  set  of  my  es^periments  and  refer  to  the  curves  plotted 
from  the  results,  and  then  suggest  other,  and  I  presume  in  their 
opinion,  better,  methods  of  determining  this  question ;  owing,  I 
say,  to  these  facts  I  am  led  to  believe  that  they  have  not  been  as 
careful  in  reading  my  paper,  or  at  least  have  not  understood  it  as 
fully  as  might  have  been. 

The  question  they  propound  is  not  the  one  I  had  presented  to 
me.     Beading  from  my  paper,  "  A  few  more  experiments  also 
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demonstrated  that  the  wire  w  had  apparently  as  much  influence 
on  the  results  as  the  space  o,  and  consequently  it  became  neces- 
sary to  analyze  the  combination  more  completely  to  determine 
the  relative  values  of  o  and  w."  To  determine  these  values  I  did 
the  simplest  thing  possible,  viz  :  I  first  determined  the  value  of 
w  without  c,  and  next  introduced  o  and  measured  their  united 
values. 

Again,  the  object  was  not  to  determine  their  efficiency  BApre- 
ventmes  of  the  spark  b,  but  rather  their  values  as  producers  of 
that  spark. 

Quotation: — "That  with  the  connections  of  Fig.  4  and  w 
equ^  20  feet,  a  spark  should  pass  at  b  of  over  \  inch  in  length, 
nught  perhaps  have  been  expected  from  Dr.  Lodge's  results 
(London  Electrician,  XXI,  815),  *  *  *  True ;  Fig.  4  is  not  an 
^  alternative  path '  of  necessity,  for  the  b  points  may  be  moved 
out  of  the  sparking  distance." 

Reply  : — The  obtaining  of  this  spark  \  of  an  inch  in  length, 
did  not  surprise  me  in  the  least,  as  I  did  expect  it,  for  I  had  read 
of  Dr.  Lodge's  eicperiments  prior  to  that  date.  My  expectations 
were,  however,  excited  by  his  actual  experimental  results,  and  not 
by  his  theories  and  f ormulce,  as  set  forth  in  the  above  reference, 
and  which  were  constructed  to  account  for  his  experimental  re- 
sults. 

When  I  remarked  in  my  original  paper,  that  the  simple  asser- 
tion that  B  and  w  were  "  alternative  paths  "  did  not,  however, 
make  them  such  ;  the  peculiar  idea  contained  in  the  latter  part  of 
the  last  quotation  from  the  "  Notes  "  had  not  occurred  to  me, 
excepting  as  it  applied  to  the  current  as  originally  discharged 
from  the  jar  j  ;  if,  however,  I  properly  interpret  the  meaning  in 
these  "  Notes,"  it  is  there  suggested  that  they  (the  b  points)  might 
be  separated  to  such  a  distance  as  to  prevent  any  sparking  what- 
ever. But  unfortunately  they  would  then  cease  to  stand  a6  1  to 
10  compared  with  w,  and  those  are  the  conditions  we  are  con- 
sidering, hence  I  fear  it  will  be  necessary  to  drop  this  suggestion 
regardless  of  its  extreme  originality. 

"  Quotation  : — "  W  is  now  supposed  '  electrified'  by  the  charge 
across  a." 

Reply  : — ^I  am  not  aware  that  I  assumed  that  to  be  the  case ; 
but  rather  that  w  became  electrified  by  the  energy  discharged 
from  the  jar  j.  i  \ 
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Quotation: — "The  inverse  extra  current '  of  making  simply 
cuts  from  the  charging  current;  but  the  ^direct  extra  current^ of 
breaking,  i.  e.^  charging  impulse  cessation,  acts  as  its  continuation, 
but  at  a  higher  potential.    ^Ganot,  7th  edition,  766)." 

Reply  : — I  do  not  believe  I  made  any  statement  contrary  to 
the  above.  The  law  is  a  well  known,  universally  accepted  one, 
and  scarcely  needs  the  support  of  any  special  authority. 

Quotation: — '^This  extra  cnrrent  then  is  running  towards  e 
and  would  naturally  be  supposed  to  equalize  on  the  same  path  as 
the  current  generating  it.  It  mighty  therefore,  be  expected  to 
dissipate  on  reaching  earth." 

Reply: — ^With  the  kind  permission  of  the  authors  of  the 
"Notes,"  I  would  like  to  ask  them  what  they  mean  by  the  term 
"equalize,"  and  how  they  suppose  "dissipation"  takes  place? 

While  it  is  well  known  that  a  charge  of  energy  in  a  Leyden  jar 
will  become  dissipated  if  left  to  itself  and  without  any  specially 
prepared  discharging  circuit,  such  a  process  cannot  be  considered 
in  connection  with  the  phenomena  under  discussion.  The  authors 
cite  their  authority  for  the  generation  of  a  current  in  the  circuit 
and  its  flow  or  discharge  into  the  jar;  now,  how  they  expect  it 
to  be  dissipated  I  cannot  see  from  their  statement.  The  very 
name  of  lliis  current — the  extra  current — defines  it  as  existing 
distinct  from  the  original,  hence  they  cannot  expect  the  original 
current  to  neutralize  it,  for  it  is  the  product  of  that  current,  and 
for  it  to  neutralize  itself  requires  it  to  either  short  circuit  its 
own  extremities  or  discharge  back  over  the  same  path  in  which  it 
was  formed  or  generated. 

Quotation  : — "  It  would  be  of  interest  to  some  in  this  connec- 
tion to  know  how  it  was  ascertained  that  the  instantaneous  time 
duration  of  the  extra  current  is  shorter  than  that  of  the  charging 
current." 

Reply  : — A  careful  re-reading  of  my  paper  fails  to  bring  to 
light  any  assertion  that  this  was  in  any  manner  a  demonstrated 
fact.  I  do  not  believe  I  referred  to  this  in  any  other  way  than 
interrogatively — ^not  being  desirous  to  force  my  opinions,  that 
were  of  a  purely  theoretical  nature.  The  point  being  now  raised 
however,  I  will  take  advantage  of  this  opportunity  to  express  my 
ideas  more  freely.  It  is  not  to  be  supposed  that  the  authors  of 
the  "  Notes "  believe  otherwise  than  that  the  "  direct  extra  cur- 
rent "  is  less  in  energy  under  ordinary  conditions^  than  the  orig- 
inal current.     They  have  given  authority  for  their  belief  that  it 
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is  of  higher  electromotive  force.  Their  entire  argument  is  on 
the  basis  that  it  traverses  the  same  circuit  as  the  original  current ; 
and  hence  it  cannot  meet  a  gi'eater  resistance,  bnt  possibly,  every- 
thing being  considered,  including  the  fact  that  the  circuit  hias 
already  been  dectrijied  by  the  original  current,  the  resistance  may 
in  reality  be  less  in  value  than  that  opposed  to  the  primary  cur- 
rent. With  these  conditions  given,  are  the  authors  prepared  to 
assume  that  the  extra  current  is  even  of  the  same  duration  as  the 
original  ? 

Quotation. — "  On  the  assumption  that  the  extra  current  dissi- 
pates through  B,  and  not  in  the  earth,  it  is  argued  that  shorten- 
ing w  would  tend  to  decrease  this  tendency  to  puncture  the 
cable.*  *  *  May  not  this  be  regarded  simply  as  a  safety  short  cir- 
cuit for  our  cable  considered  as  a  Leyden  jar?  And  what  is  this 
but  a  working  case  of  a  cable  effectually  protected  by  a  lightning 
arrester  b." 

Reply: — Once  more  I  ask  the  authors  of  the  "  Notes"  how 
they  would  expect  the  energy  conveyed  or  represented  in  the 
extra  current,  to  become  dissipated  in  the  earth  (in  this  case  the 
jar)  in  the  infinitesimal  intervals  of  time  with  which  we  are 
dealing.  It  would  be  interesting  to  know  how  they  account  for 
the  oscillatory  discharge  of  a  Leyden  jar,  or  do  they  disbelieve 
that  oscillations  occur  ?  I  will  venture  to  express  an  opinion  on 
this  subject.  The  original  current  discharged  from  the  jar  does 
its  equivalent  of  work  in  the  circuit,  and  ceases  to  exist  as  current. 
The  work  performed  appears  as  heat,  light  (under  some  condi- 
tions) and  a  distorting  of  the  lines  of  energy  which  were  originally 
within  the  circuit.  The  last  work  mentioned  is  of  such  a  char- 
acter that  it  causes  another  current,  called  the  extra  or  self-in- 
duced current  to  be  formed.  The  energy  constituting  this  self- 
induced  current  is  not  localized  into  one  or  more  places  as  was 
that  forming  the  original  current  when  contained  on  the  surfaces 
of  the  jar ;  but  it  is  distributed  over  or  throughout  the  entire 
circuit.  When  such  a  circuit  is  "short  circuited"  surely  the 
energy  will  be  delivered  more  quickly,  than  would  be  the  case 
with  the  energy  in  the  jar,  for  there  it  has  to  traverse  the  entire 
circuit.  "Where  no  short  circuiting  occurs  and  the  connections 
remain  to  the  jar,  the  self -induced  current  will  discharge  into  it. 

Returning  once  more  to  the  subject,  I  must  say  that  under  the 
conditions  of  my  experiments,  I  cannot  admit  that  the  wire  b,  as 
shown  in  Fig.  2,  acts  simply  as  a  safety  short  circuit  f6r  the  cable 
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considered  as  a  condenser ;  but  that  it  is  a  working  case  of  a 
cable  effectually  protected  by  a  lightning  arrester  I  heartily 
agree ;  indeed^  the  major  portion  of  my  experiments  were  per- 
formed and  my  paper  prepared  to  demonstrate  and  emphasize 
that  fact. 

Quotation: — "It  is  not  altogether  plain  how  the  direct  extra 
current  is  an  effect  of  Faraday's  electro-tonic  state,  when  Faraday 
says  (Elesearches  1,  16.):  ^  This  state  is  altogether  the  effect  of 
induction  exerted,  and  ceases  as  soon  as  the  inducing  force  is 
removed.' " 

Reply  : — The  theory  that  the  extra  current,  is  due  to  the  pe- 
culiar state  of  the  circuit  prior  to  the  passage  of  the  inducing 
current,  was  formed  by  me  a  long  time  ago,  and  was  set  forth  in 
an  article  published  in  the  Electrieal  Worlds  Feb.  26th,  1888. 
The  authors  of  the  "  Notes ''  are  correct  in  so  far  as  they  go,  and 
perhaps  they  are  wholly  so,  on  this  point ;  but  it  is  true  that 
Faraday  was  never. perfectly  clear  in  his  opinion  as  to  this  electro- 
tonic  state.  After  having  formed  the  opinion  as  above  expressed 
in  the  quotation,  he  changed  his  ideas  and  considered  there  was 
no  necessity  for  assuming  the  existence  of  this  prior  state.  (Re- 
searches Vol.  I,  66,  69.)  Again,  later  on  he  revives  the  idea. 
(Researches,  Vol.  Ill,  367,  420.) 

I  do  not  deny,  but  rather  confess  to  having  attempted  to  add  a 
little  to  Faraday's  idea  on  this  subject,  for  while  he  considered 
the  state  due  to  a  peculiar  action  of  the  magnetic  lines  of  force 
emanating  from  some  external  source,  and  that  this  state  in  con- 
junction with  motion  produced  an  electric  current,  I  have  gone 
back  one  step  further  and  assumed  a  peculiar  state  prior  to  the 
influence  of  the  external  magnetic  lines  of  force,  arid  that  it  is 
this  prior  condition  of  the  circuit  that  is  the  true  cause  of  an 
electric  current  being  generated  when  the  circuit  is  forced  to 
move  across  external  lines  of  magnetic  force.  I  justify  my  action 
in  terming  this  prior  state  the  electro-tonic  state,  by  the  fact  that 
Faraday  has,  so  far  as  I  can  learn,  left  it  in  more  or  less  uncer- 
tainty, and  also  from  these  words  of  his.  (Researches,  Vol.  Ill, 
420.)  "  Again  and  again  the  idea  of  an  dectro-tonic  state  has 
been  forced  on  my  mind ;  such  a  state  would  coincide  and  become 
identified  with  that  which  would  then  constitute  the  physical 
lines  of  magnetic  force.  Another  consideration  tends  in  the  same 
direction.  I  formerly  remarked  that  the  magnetic  equivalent  to 
static  electricity  was  not  known  *  *  *  " 
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If  an  error  has  been  committed  in  thus  venturing  to  trespass, 
I  can  only  refer  to  the  opening  remarks  of  this  communication, 
and  add  that  the  feelings  that  have  inspired  me  in  this  work  are 
there  set  forth. 

As  a  passing  remark  I  would  say  that  I  saw  it  stated  in  print, 
witliin  the  past  few  weeks,  that  this  theory  was  old  and  contained 
nothing  new.    Evidently  some  one  is  wrong. 

Quotation  : — "  Figs.  5,  5a,  6  and  Qa  illustrate  effects  of  differ- 
ent kinds  of  work  introduced  into  the  circuit." 

Reply  : — The  authors  then  give  a  list  of  references  to  support 
this  statement,  I  presume ;  but  as  I  do  not  possess  nor  can  I  have 
access  to  any  one  of  the  volumes  referred  to,  I  will  take  it  for 
granted  they  have  sustained  their  statement,  and  which,  by  the 
way,  agrees  exactly  with  my  own  opinions,  and  which  I  believe  I 
stated  very  clearly  in  my  original  communication.  Without  be- 
ing able  to  see  their  references,  however,  I  am  at  present  unable 
to  know  whether  they  have  referred  to  work  producing  similar 
results  under  similar  conditions  or  not ;  but  I  am  persuaded  to 
think  they  have  not. 

Quotation  : — "  The  methods  used  in  the  photographic  part  of 
the  investigation  would  seem  to  cast  some  doubt  on  the  result 
claimed." 

Reply  : — That  there  is  a  possibility  of  the  results  obtained  with 
the  photographic  apparatus  having  a  limited  value,  owing  to  the 
uncertainty  of  uniformity  in  the  speed  of  the  disc  and  in  other 
portions  of  the  work,  cannot  be  denied. 

The  results  obtained  do,  nevertheless,  correspond  closely,  not  to 
say  exactly,  with  those  of  the  former  portion  of  the  investigations, 
when  studied  by  the  theories  advanced.  There  are  so  many 
chances  of  error  in  this  portion  of  the  work  that  I  would  not  my- 
self refer  to  it,  had  not  the  authors  of  the  "  Xotes  "  reviewed  it 
and  suggested  various  other  ways  and  means  for  accounting  for 
the  peculiarities  of  the  results  as  obtained. 

Quotation  : — "  In  the  case  where  the  discharges  are  through 
76  feet  and  20  inches  of  the  same  wire,  respectively,  liardlv  anj' 
difference  appears  in  the  spark.  Is  it  not  possible  that  the  illumi- 
nating power  of  the  quick,  bright  spark  through  the  short  wire 
was  so  much  greater  tnan  that  of  the  necessarily  more  extended 
and  consequenfly  fainter  spark  through  the  long  wire  as  to  make 
the  effect  practically  the  same  ? " 
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Reply  : — The  duration  of  these  two  sparks  I  found  to  be  about 
the  same ;  but  with  the  shorter  wire  more  work  was  done  in  the 
air  space  where  the  spark  was  produced.  The  fact  that  the  spark 
with  the  short  wire  is  brighter  is  an  evidence  of  the  increased 
work  done  at  that  point.  This  increase  of  work  was  indicated 
in  the  photograph  by  a  heavier  "ghost;"  while  the  equality  of 
their  durations  was  shown  by  equal  lengthed  "ghosts."  The 
simple  fact  of  a  spark  being  brighter,  would  not,  I  think,  pro- 
duce an  elongation  of  its  image  through  a  rapidly  moving 
aperture. 

Quotation  : — "  In  the  experiment  in  which  two  spark  intervals 
are  included  in  the  circuit,  as  against  one  formerly,  it  was  found 
that  the  spark  was  materially  lengthened.  This  might  be  ex- 
pected considering  the  practically  infinite  resistance  of  the  second 
air  space  which  is  introduced." 

Reply  : — I  was  under  the  impression,  as  indeed,  I  thought  all 
others  were  who  had  been  closely  studying  the  recent  advances  in 
this  line,  that  the  question  of  length  of  circuit  was  of  more  im- 
portance in  point  of  time,  than  resistance,  and  perhaps  more  es- 
pecially so  when  the  resistance  was  formed  by  an  air  space. 
Again,  how  can  the  authors  account  for  the  fact  of  my  having 
obtained  so  small  a  time  interval  with  76  f eef  of  wire  in  circuit 
with  the  air  space  a,  when  the  b  points  were  in  adjustment,  for 
they  will  find  by  referring  to  my  paper  that  the  second  air  space, 
which  was  introduced  to  replace  the  wire,  was  of  the  same  length 
as  space  a.  At  this  writing  I  desired  to  refer  to  the  negatives 
and  examine  them,  but  unfortunately  while  all  the  others  remain, 
the  one  produced  with  the  two  spaces  in  circuit,  is  missing,  and 
I  will  not  attempt  to  do  what  the  authors  seem  to  have  consid- 
ered doing,  viz  :  Measure  the  lengths  of  the  "  ghosts  "  on  the 
prints  from  the  cuts.  That  they  should  have  found  the  "  ghosts  " 
or  trails,  on  the  negatives  practically  invisible  is  rather  strange, 
and  I  believe  had  J  had  the  pleasure  of  being  present  at  the  time 
of  their  examination  I  might  have  been  of  service  to  them,  for  I 
have  found  not  one  who  experienced  diflSculty  in  seeing  the 
"  ghosts,"  while  none  could  define  their  limits. 

Quotation  : — "  If  a  wave  of  current  be  pictured  passing  along 
a  Unear  conductor,  it  would  probably  appear  something  like  Fig. 
7,  its  front  lengthened  out  by  the  self  induction  effect  of  the 
cable,  while  the  tension  in  the  rear  part  is  raised  by  the  direct 
extra  current.     This  high  potential  wave  crest  moves  ^IV^&^Afelp 
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•cable  until,  finding  a  weak  spot  in  the  insulation,  it  dischargee 
rather  than  keep  up  its  strengtn  with  the  impeding  current  ahead 
of  it." 

Reply  : — We  have  in  this  quotation  and  the  accompanying 
figure  all  of  the  elements  necessary  either  to  substantiate  the 
theory  I  have  been  advancing  or  else  prove  its  utter  worthless- 
ness.  The  difficulty,  of  course,  is  in  obtaining  a  correct  interpre- 
tation. 

May  I  ask  how  the  authors  determined  that  the  direct  extra 
current,  occupied  a  shorter  interval  of  time,  as  shown  in  the  fig- 
ure, than  that  of  the  original  current  ?  A  fuller  explanation  of 
the  discharging,  through  the  insulation,  of  the  high  potential  wave 
crest  of  the  extra  current  would  be  interesting.  Is  it  supposed 
to  break  through  and  rush  out,  like  water  through  a  bung-hole  ? 
We  are  here  dealing  with  a  complete  electrical  current,  generated 
within  the  wire  and  having  its  high  and  low  potentials  within  the 
wire.  In  accordance  with  the  accepted  theories,  a  current  is 
supposed  to  discharge  itself  into  or  through  a  closed  circuit,  and 
this  would  necessitate  both  ends  of  the  wave  breaking  through 
the  insulation,  if  the  insulation  be  broken  at  all.  Perhaps  this  is 
the  way  in  which  they  assume  dissipation  occurs.  It  is  evident 
that  the  authors  of  the  "Notes"  are  here  confounding  self- 
induced  currents  with  static  discharges. 

It  is  probable  that  the  gradual  increase  of  the  current  as  shown 
in  Fig.  7,  is  more  or  less  a  correct  representation  of  the  facts. 

What  causes  this  cutting  away  of  the  earlier  portion  of  the 
current  wave  ?  The  authors  say  correctly,  that  it  is  produced  by 
the  self-induction  effect  of  the  conductor. 

It  is  due  to  an  inverse  current  having  been  raised  in  the  path 
of  the  charging  current.  The  work  of  producing  or  creating  this 
current  constitutes  the  momentary  resistance  that  has  been  termed 
impedance  by  Mr.  Oliver  Heaviside,  and  it  is  this  resistance  that 
Dr.  Lodge  assumes  bars  the  path  of  the  discharging  current  by 
the  way  of  the  wire  w  and  causes  it  to  take  the  path  offered  by 
the  B  points.     (Fig.  4.) 

For  the  impedance  of  a  wire  to  offer  a  resistance,  or  rather,  for 
the  impedance  to  exist  prior  to  the  expenditure  of  more  or  less 
of  the  current  that  it  impedes,  is  exceedingly  difficult,  in  fact  im- 
possible, to  comprehend ;  for  the  existence  of  the  resistance  would 
be  wholly  unknown,  did  not  the  current  energy  exert  itself 
against  it;  but  the  moment  the  first  portion  o^. t^e^  ^current  wave 


REPLY  TO  MESSRS.  BROWN  AND  CHILD.  155 

meets  and,  speaking  figuratively,  combats  with  the  resisting 
force,  that  portion  of  the  current  dies,  but  in  dying  it  overcomes 
as  much  of  the  opposing  resistance  as  is  measured  by  its  own 
energy ;  in  fact  they  die  together.  This  is  followed  by  the  over- 
coming of  yet  another  portion  of  the  impedcmce  by  another  por- 
tion of  the  current  energy,  and  so  on  to  the  complete  annihilation 
of  the  total  imjpedcmce. 

But  this  process  requires  the  loss  of  our  original  current  energy ; 
and  if  this  be  the  case,  and  it  must  be  so  in  order  that  the  vmpe- 
dcmce  have  even  an  existence,  how  are  we  to  discharge  this  energy 
across  the  b  points,  in  the  manner  described  by  Prof.  Lodge  ? 
Perhaps  it  may  be  said  that  it  is  a  surplus  quantity  that  was  not 
required  for  this  formation  of  vtnpedomoe  that  jumped  the  space 
at  B ;  but  this  can  hardly  be  so,  for  any  energy  remaining  after 
the  down-fall  of  the  impedamce^  would  have  an  open  road  through 
the  low  resisting  wire. 

Out  of  the  dead  body  of  the  impeda/nce^  comes  forth  the  en- 
ergy expended  at  the  b  points. 
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AMERICAN    INSTITUTE    OF    ELECTRICAL 
ENGINEERS. 


Vol.  VL  New  York,  May,  1889.  No.  5. 


The  thirty-third  meeting  of  the  Institute  was  held  on  March  12tb, 
at  the  College  of  the  City  of  New  York.  Vice-President  T.  C. 
Martin  called  the  meeting  to  order  at  8  o'clock  and  said : 

In  the  absence  of  our  Secretary,  Mr.  Ralph  W.  Pope,  who  is 
unfortunately  detained  by  sickness  in  his  family,  it  devolves  upon 
me  to  introduce  the  business  of  the  evening,  and  as  I  happen  also 
to  be  one  of  the  officers,  it  also  becomes  my  duty  to  elect  myself 
to  the  chair.  I  have  much  pleasure  in  announcing  as  the  subject 
of  the  evening,  "The  Efficiency  of  Methods  of  Artificial  Illumina- 
tion," the  paper  upon  which  will  be  read  by  our  well-known  fel- 
low member,  Prof.  E.  L.  Nichols  of  Cornell  University,  and  I 
have  much  pleasure  in  calling  upon  the  Professor  to  read  his 
paper. 

Prof.  Nichols  read  the  following : 
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THE    EFFICIENCY    OF    METHODS    OF    ARTIFICIAL 
ILLUMINATION. 


BY   EDWARD   L.    NICHOLS. 


Of  human  industries  of  the  present  day  none  perhaps,  save 
those  which  have  to  do  with  providing  the  race  with  food,  cloth- 
ing, shelter  and  fuel,  is  more  important  to  the  cause  of  material 
welfare  than  that  which  deals  with  the  production  of  artificial 
light,  and  he  who  seeks  a  means  of  measuring  the  material  civil- 
ization reached  by  a  nation  might  find  an  excellent  criterion  in 
the  progress  which  it  exhibits  in  the  art  of  illumination. 

The  problem  of  comparing  the  various  methods  of  artificial 
lighting  which  are  in  vogue  at  the  present  day  is  one  of  great  in- 
terest, whether  we  view  it  from  the  commercial  standpoint,  tak- 
ing the  cost  of  production  as  our  controlling  factor,  or  from  the 
broader  basis  of  relative  usefulness,  cost  being  relegated  to  a 
secondary  position,  or,  finally,  from  the  purely  scientific  point  of 
view.  From  whichever  side  we  approach  this  question,  we  are 
led  inevitably  to  the  consideration  of  certain  elements  which  are 
alike  of  scientific,  utilitarian  and  commercial  importance. 

At  first  sight  the  attempt  to  determine  the  relative  value  of  two 
sources  of  light  would  seem  to  be  a  simple  matter.  The  number 
of  factors,  however,  which  enter  into  such  a  determination  is  sur- 
prisingly large,  and  many  of  them  are  of  a  character  which  makes 
it  diflicult  to  give  them  definite  and  complete  expression.  Of 
these  the  greater  part  are,  indeed,  commonly  left  out  of  account 
altogether,  for  the  sake  of  simplicity,  and  we  content  ourselves 
with  an  antiquated  and  totally  insufficient  measure  of  our  sources 
of  illumination,  which  we  call  candle-power.  It  is  to  these  other 
elements  which  enter  into  the  question  of  the  character  of  artifi- 
cial light — such,  for  instance,  as  have  to  do  with  its  qualit/y — ^but 
which  are,  as  a  rule,  quite  lost  sight  of,  to  which  I  would  ask  your 
attention  this  evening,  together  with  a  discussion  of  those  which 
are  commonly  made  use  of  in  photometry.  If,  in  so  doing,  I  am 
led  to  speak  of  methods  which  belong  to  the  realm  of  pure^cie 
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I  trust  that  you  will  agree  with  me  in  thinking  that  the  results 
are.  not  unimportant  even  to  those  whose  interest  in  the  problem 
of  the  production  of  artiiieial  light  is  purely  utilitarian. 

In  the  important  question  of  the  efficiency  of  a  light-producing 
machine  or  process,  the  practice  of  to-day  is  very  far  from  having 
reached  that  degree  of  exactness  of  expression  wliich  we  demand 
in  other  cases  of  the  transformation  of  energy.  In  electric  light- 
ing the  energy  expended  is  readily  determined  in  absolute  meas- 
ure, or  in  that  excellent  practical  unit,  the  Watt.  In  lieu  of  any 
attempt  to  express  the  useful  energy  obtained,  however,  we  still 
content  ourselves  in  practice  with  that  most  unscientific  unit,  the 
candle-power,  based  upon  a  source  of  illumination  which  is  par- 
ticularly subject  to  fluctuations  of  intensity  and  color.  Even  as 
used  in  the  Bunsen  photometer  the  shortcomings  of  the  standard 
candle  are  sufficiently  apparent;  but  no  one  who  has  not  at- 
tempted to  study  it  by  methods  which  make  it  possible  to  detect 
changes  of  color  as  well  as  of  brightness,  can  fully  appreciate  its 
fickleness. 

Such  as  it  is>  we  do  not,  moreover,  make  the  best  of  the  stand- 
ard candle  as  a  basis  of  comparison  of  artificial  lights.  We  speak 
of  a  16-candle  incandescent  lamp,  for  instance,  meaning  often- 
times "mean  spherical  candle-power"  and  then  we  compare  it 
with  a  petroleum  or  gas  flame,  measured  in  the  horizontal  plane 
only,  much  to  the  disadvantage  of  the  electric  lamp.  The  study  of 
the  distribution  of  intensities  in  accordance  with  the  very  com- 
plete system  devised  for  that  purpose  by  the  Franklin  Institute 
Committee  in  1884,  affords  an  invaluable  means  of  comparing  the 
performance  of  various  types  of  incandescent  lamps;  but  the 
adoption  of  "mean  spherical  candle-power"  as  obtained  by  that 
method,  is,  to  say  the  least,  misleading  when  it  comes  to  the  com- 
parison of  electric  lamps  with  candles,  oil  or  gas.  It  is  to  be 
hoped  that  when  the  present  confusion  of  methods  of  measuring 
candle-power  now  existing  in  the  electric  lighting  establishments 
in  this  country  is  supplanted  by  a  recognized  system,  the  fairer 
standard  already  established  by  law  in  England,  viz.,  mean  hori- 
zontal candle-power,  may  be  adopted.  It  is,  however,  in  the 
comparison  of  arc  and  glow  lamps  that  the  latter  are  put  at  the 
greatest  disadvantage.  Here  we  pit  the  incandescent  lamp,  using 
mean  spherical  candle-power  as  our  basis,  against  candle-power 
measured  at  the  angle  at  which  the  arc  light  sends  out  the  greater 
part  of  its  rays.     Indeed,  in  too  many  cases,  it  is  not 
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tual  intensity  even  in  this  most  favorable  position  with  which  we 
have  to  do,  but  with  an  estimated  or  "nominal"  candle-power 
which  the  arc,  in  matter  of  fact,  never  approaches. 

The  electric  arc  stands  qnite  alone,  for  the  purposes  to  which 
it  is  adapted,  and  need  fear  no  rivals.  It  does  not  need  to  be 
estimated  npon  any  fictitious  basis,  and  the  continuance  of  the 
pernicious  practice  of  ascribing  to  it  powers  of  illumination  which 
it  does  not  possess,  must,  in  a  great  measure,  be  charged  to  the 
account  of  the  standard  candle ;  for  with  the  best  intentions  in 
the  world,  the  comparison  of  sources  .of  light  differing  so  widely 
in  color  as  the  candle  and  the  electric  arc,  is  nothing  more  than 
a  rude  approximation,  leading  by  its  very  inaccuracy  to  the  temp- 
tation of  the  grossest  exaggeration. 


Fig.  1. 

There  are,  fortunately,  better  methods  of  estimating  the  effi- 
ciency of  a  lamp  than  that  which  is  based  upon  candle-power. 

We  may,  for  instance,  determine  the  ratio  of  the  energy  of  the 
light-giving  radiation  to  that  of  the  total  radiation  of  the  source 
of  illumination.  The  eflSciency  of  the  incandescent  lamp,  accord- 
ing to  this  definition,  has  been  recently  determined  by  Mr.  Ernest 
Merritt,*  of  the  Physical  laboratory  of  Cornell  University.  Mr. 
Merritt  followed  two  independent  methods  of  investigation.  In 
his  first  experiments  the  lamp  was  placed  in  a  calorimeter  con- 
structed entirely  of  glass.  Fig.  1,  through  which  a  constant  flow 
of  water  was  maintained.  The  temperature  of  the  water  upon 
entering  and  upon  leaving  the  calorimeter  was  measured  by  means 
of  the  thermometers  e  and  f.  From  this  difference  of  temper- 
ature and  the  amount  of  water  discharged  in  a  given  time,  the 
heat  absorbed  by  the  calorimeter  was  calculated ;  proper  correc- 

*  Ernest  Merritt,  American  Journal  of  Science,  vol.  87,  p.  167.    ^^,^i^ 
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tionfi  for  loss  of  heat  by  radiations,  etc.,  being  applied.  Now  the 
water  with  which  the  calorimeter  was  filled  is  nearly  transparent 
to  the  light-giving  radiations  from  the  lamp,  and  almost  entirely 
opaque  to  the  longer  wave  lengths  which  constitute  the  so-called 
heat  spectrum.  To  have  assumed  it  to  be  entirely  so,  would, 
however,  have  involved  very  considerable  errors,  and  the  dia- 
thermancy of  the  calorimeter  on  the  one  hand  and  its  power  of  ab- 
sorbing the  luminous  wave-lengths  on  the  other,  were  accordingly 
carefully  determined  by  methods  long  since  elaborated  and  made 
use  of  by  Melloni  and  b/  his  distinguished  English  follower. 
Professor  Tyndall.  By  applying  these  and  other  necessary  cor- 
rections, we  are  able  to  calculate  very  accurately  in  watts,  the  non- 
luminous  radiation  from  the  lamp.  The  ratio  of  the  total  radia 
tion,  obtained  either  by  submerging  the  lamp  in  a  metallic  calori- 
meter or  by  direct  computation  from  the  current  and  electromo- 
tive force  gives  the  actual  elBciency  of  the  lamp  considered  as  a 
light-making  machine.  The  result  is  not  a  gratifying  one,  when 
we  compare  this  process  with  most  others  in  which  energy  is 
transformed.  The  efficiency  of  the  best  types  of  incandescent 
lamps,  previous  to  the  introduction  of  the  recent  three-watts-per- 
candle  lamps  now  in  successful  operation,  which  would  doubtless 
make  a  somewhat  better  showing,  was  found  to  be  rather  under 
than  over  five  per  cent,  at  normal  candle-power;  the  values 
ranging  from  0.5  per  cent,  to  6.5  per  cent.  The  last  named  value 
for  the  efficiency  was  attained  only  at  a  temperature  incompatible 
with  any  considerable  length  of  life.  The  results  obtained  in  this 
investigation  are  shown  in  table  i.'  and  in  the  accompanying  dia- 
gram. Fig.  3. 

In  this  table  w  is  the  total  energy,  in  watts ;  l  the  energy  of 
the  light,  also  measured  in  watts  ;  and  c.  p.  the  candle-power. 

The  second  method  pursued  by  Mr.  Merritt  was  intended 
rather  as  a  check  upon  the  results  already  obtained  than  in  the 
expectation  of  gaining  further  data.  The  rays  of  the  lamp  were 
allowed  to  fall  upon  the  face  of  a  delicate  thermopile  placed  at  a 

*  Dr.  Blattoer,  in  an  Inaugural  Dissertation,  published  at  the  University  of 
Ztlrich,  gives  similar  values  for  the  efficiency  of  the  incandescent  lamp.  He 
finds',  as  the  result  of  extended  measurements  with  the  glass  calorimeter,  that 
*  *  *  "  at  the  normal  temperature  of  incandescence,  where  the  intensity  lies  in 
the  neighborhood  of  16  candles,  the 'efficiency  does  not  rise  above  five  percent, 
to  six  per  cent"--£mtl  Blattner;  Der  Optisehe  Nutuffeet  der  GluMampm, 
Frauenfeld,  1886.  ^g.^.^^,  .^  LiOOg  Ic 
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distance  of  about  60  cm.     The  thermopile  was  in  circuit  with  a 
low  resistance  galvanometer  of  the  well-known  "  tripod  pattern  " 

Table  I.* 
Dimp  A,    Edt9on. 


E.  M.  F. 

w. 

C.P. 

L. 

L 
W 

L 
C.P. 

74.2 

84.6 

0.9 

0.18 

0.005 

0.59 

91.6 

56.2 

4.8 

0.S8 

.012 

0.14 

97.3 

64.6 

7.H 

1.13 

.017 

0.15 

100.3 

69.8 

8.9 

l.fi2 

.023 

0.18 

107.6 

81.6 

14.6 

2.97 

.086 

0.20 

109.8 

84.4 

16.3 

4.57 

.054 

0.28 

124.1 

115.4 

38.2 

7.46 

.065 

0.19 

of  Sir  William  Thomson.  The  defle(  tion  of  the  galvanometer 
was  taken  as  a  measure  of  the  total  radiation,  luminous  and  non- 
luminous,  which  fell  upon  the  face  of  the  pile.  A  cell  contain- 
ing a  solution  of  alum  was  now  interposed,  and  the  reduction  in 
the  galvanometer  noted.  The  arrangement  of  this  apparatus  is 
shown  in  Fig.  2. 


Fig.  2. 

An  aqueous  solution  of  alum  fulfills  much  more  nearly  the  de- 
sired condition  of  complete  opacity  to  "  dark  heat "  and  complete 
transparency  to  the  rays  of  the  visible  spectrum  than  any  other 
substance,  but  a  certain  small  percentage  of  the  longer  wave 
lengths  will  pass  through  such  a  bath,  and  a  considerably  larger 
percentage  of  light-giving  rays  will  be  cut  oflf  by  it.  The  proper 
corrections  are,  however,  easily  determinable,  and  when  in  this 
case  they  had  been  determined  and  applied,  the  ratio  of  total  to 
luminous  radiation  was  found  to  be  in  gratifying  agrc  ement  with 
the  efficiency  obtained  by  the  calorimetric  method  already  de- 
scribed.    See  table  ii. 


*  Tables  i  and  ii,  and  figure 
already  referred  to. 


1  and  2,  are  taken  from  Mr.  Merritt's  ]ia|>er. 
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Table  II. 

Lwmp  B. 

An  Edison  16  c.  p.  lamp.     Resistance  —  249  ohms. 


E.  M.  F. 

W. 

C.  P. 

L. 

L 
W 

L 
C  P. 

.     63.0 

25.4 

0.3 

0.42 

0.016 

1.61 

74.6 

37.8 

1.0 

0.77 

.021 

0.79 

85.4 

52.5 

2.5 

1.96 

.037 

0.78 

99.0 

72.2 

6.3 

4.30 

.059 

0.68 

116.0 

103.0 

15.2 

7.38 

.072 

1       0.49 

Lamp  C. 

"Weston  16  c 

.  p.     Cold  resistance  —  402  ohms.                1 

E.  M.  P. 

w. 

C.  P. 

L. 

W 

L 
C.  P. 

72.0 

21.6 

0.4 

0.46 

0.021 

1.27 

87.4 

33.5 

1.5 

1.10 

.033 

0.76 

102.0 

47.8 

4.4 

2.09 

.044 

0.48 

117.0 

66.1 

10.7 

3.19 

.048 

0.30 

Lamp  D. 

Weston  16  c.  i 

t.,  70  volt.    Resistance  — 152  oli 

ims. 

E.  M.F. 

W. 

C.  P. 

L. 

L 
W 

L 

c.  p: 

43.0 

25.8 

0  5 

0.53 

0.021 

1.06 

507 

36.0 

1.6 

0.97 

.027 

0,62 

60.5 

52.0 

5.2 

2.03 

.039 

0.39 

67.5 

65.5 

11.0 

3.95 

.060 

0.36 

Lamp  E. 

Bernstein  8 

c.  p.    Resistance  =  11.3  ohms. 

B.  M.  F. 

W. 

C.  P. 

L. 

L 
W 

L 
C.  P 

12.2 

25.2 

0.2 

0.20 

0.008 

1.00 

13.4 

30.8 

0.5 

0.41 

.013 

0.84 

15.0 

40.4 

1.3 

0.76 

.018 

0.57 

16.4 

53.2 

4.1 

2.03 

.038 

0.50 
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It  is  interesting  to  compare  these  results  with  some  obtained 
by  still  another  method.  Captain  Abney  and  Colonel  Testing 
in  the  Proceedings  of  the  Royal  Society  have  described  a  series 
of  elaborate  studies  of  the  radiation  of  the  incandescent  lamp. 
The  portion  of  their  very  important  investigation,  which  has  a 
bearing  upon  the  efficiency,  deals  with  the  exploration  of  the 
spectrum  of  the  lamp,  under  various  degrees.of  incandescence,  by 
means  of  an  exceedingly  sensitive  thermopile.  The  energy  of  the 
visible  spectrum  of  most  sources  of  light  is  so  minute  that  it  has 
generally  been  deemed  impracticable  to  measure  it  in  this  way. 
Captain  Abney  and  his  co-worker  have,  nevertheless,  secured 
measurements  covering  not  only  the  extensive  regions  of  the  so- 
called  heat  spectrum  lying  inside  the  red,  but  also  the  shorter 
wave  lengths  which  constitute  the  visible  spectrum.  Their  results 
are  shown  graphically  in  Fig.  3. 


W«v«  Langtiii 

Fig.  8. 

One  of  the  British  Electric  Co's  lamps  was  subjected  to  meas- 
urement in  six  different  states  of  incandescence,  corresponding  to 
33.6,  60.2,  93.8,  116.4.  130.8  and  150.5  watts  respectively.  The 
curves  show  the  intensity  of  each  wave  length  of  the  spectrum 
when  the  above  amounts  of  energy  were  expended  in  the  filament, 
and  the  total  area  inclosed  by  each  curve  affords  a  relative  meas- 
nre  of  the  total  radiation  of  the  lamps  in  the  state  of  incan- 
descence in  question.  I  have  added  to  this  diagram,  of  which,  in 
other  respects,  Fig.  3  is  a  faithful  reproduction,  the  vertical  line 
lying  between  scale  divisions  5  and  6  of  their  scale.  This  line 
marks  the  boundary  between  the  visible  and  invisible  spectrum. 
The  entire  area  to  the  right  of  that  line  represents  the  energy 
wasted  in  the  lamp ;  the  much  smaller  area  to  the  left  comprises. 
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the  light-giving  rays.  The  ratio  of  the  entire  area  of  each  curve 
to  that  portion  lying  within  the  boondaries  of  the  visible  spectrum 
gives  us  the  efficiency  of  the  lamp  for  the  state  of  incandescence 
produced  by  the  expenditure  of  the  number  of  watts  for  which 
the  curve  is  drawn.  This  ratio  increases  from  a  very  small  value 
with  the  brightness  of  the  lamp. 

I  have  made  approximate  integrations  of  the  areas  embraced 
by  the  curves  for  150.6  and  130.8  watts,  respectively,  for  the 
purpose  of  comparing  the  efficiency  thus  calculated  with  the  re- 
sults obtained  by  Mr.  Merritt.     The  ratios  are  : — 

Watts.  Efficiency. 

150.5  5.55  per  cent. 

130.8  5.15       " 

The  corresponding  values  for  lower  states  of  incandescence  are 
all  smaller  than  the  above. 

It  will  be  seen  that  these  results  are  in  complete  agreement 
with  those  obtained  with  the  glass  calorimeter  and  by  the  method 
of  Melloni.  We  have,  indeed,  reason  to  feel  that  our  knowledge 
of  the  absolute  efficiency  of  the  incandescent  lamp,  in  so  far  as  it 
can  be  expressed  by  the  ratio  of  luminous  to  total  radiation  is  well 
grounded,  and  that  we  are  in  position  to  determine  the  light-giv- 
ing efficiency  of  any  type  of  glow  lamp  in  any  condition  of  in- 
candescence with  the  same  certainty  and  exactness  which  is  at- 
tainable in  the  measurement  of  other  machines  for  the  transfor- 
mation of  energy. 

The  average  net  efficiency  of  the  incandescent  lamps  of  to-day, 
for  we  may  leave  untouched  for  the  present  the  efficiency  of  the 
processes  by  which  the  latent  energy  of  fuel  from  which  the 
current  is  generated  has  been  converted  into  electrical  energy,  is 
rather  below,  than  above  five  per  cent ;  and  since  the  ratio  of 
total  radiation  to  light-giving  radiation  increases  but  slowly  as  the 
temperature  of  the  radiating  body  rises,  the  efficiency  is  not 
likely  to  be  increased  in  any  very  marked  degree  until  we  shall 
have  learned  how  to  suppress  altogether  these  long  wave  lengths 
which  yield  us  (Jark  heat,  and  are  able  to  limit  the  vibrations  of 
our  source  of  light  to  that  brief  octave  which  comprises  the  wave 
lengths  to  which  alone  the  human  retina  responds. 

Whether  this  great  step  is  to  be  made  by  robbing  the  glow- 
worm and  fire-fly  of  their  secret,  as  has  been  suggested  in  a  re- 
cent address  by  the  director  of  the  Sibley  College  of  Mechanical 
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Engineering.^  or  by  development  along  the  lines  sketched  the 
other  evening  by  Professor  firackett  at  the  meeting  of  the  Elec- 
tric Club,  or  by  the  application  of  some  principle  as  yet  nncon- 
ceived,  we  know  not.  Meantime,  we  have  in  the  methods  of  ar- 
tiiicial  lighting  of  to-day  abundant  material  for  study  and  inves- 
tigation. 

The  investigation  of  the  eflSciency  of  the  arc  light  by  the 
methods  under  consideration,  is  a  much  more  difficult  matter  than 
the  same  determination  in  the  case  of  the  incandescent  lamp. 
The  radiating  surface  of  the  latter  is  very  nearly  of  the  ^me 
temperature  throughout,  and  the  ratio  of  total  radiation  to  lumi- 
nous radiation,  obtained  for  the  bundle  of  rays  sent  out  in  a  single 
direction,  gives  us  at  once  the  measure  of  the  efficiency.  In  the 
arc  we  have,  however,  a  light  giving  area  of  great  brilliancy  in 
the  immediate  neighborhood  of  the  arc,  and  the  temperature  of 
the  carbons  falls  with  great  rapidity  from  the  maximum  at  the 
point  and  crater  to  regions  which  are  at  a  red  heat. 

The  entire  light-giving  area  is  included  between  the  line  sur- 
rounding the  positive  carbon,  which  is  at  red  heat,  and  the  cor- 
responding line  upon  the  negative  carbon.  Between  these  two 
lines  we  pass  rapidly  through  regions,  the  light  from  which  varies 
with  the  degree  of  incandescence  by  insensible  gradations  from 
that  whicli  a  red  hot  surface  is  capable  of  emitting  to  that  coming 
from  carbon  at  the  highest  temperature  which  that  substance  can 
be  made  to  assume.  Now,  the  curve  of  distribution  of  candle- 
power  taken  in  a  vertical  plane  is,  as  we  all  know,  a  very  pe- 
culiar one,  and  if  we  place  our  thermopile  with  alum  cell  inters 
posed  to  measure  the  energy  of  the  light-giving  rays,  the  amount 
of  radiation  received  upon  the  face  of  the  pile  will  greatly  depend 
upon  the  position  in  which  the  apparatus  is  set  up.     At  an  angle 

*  "  The  second  of  these  greatest  of  inventors  is  he  who  wiU  teach  us  the  source 
of  the  beautilul  soft-beaming  light  of  the  fire-fly  and  the  glow-worm,  and  will 
show  us  how  to  produce  this  singular  illuminant,  and  to  apply  it  with  success 
practically  and  commercially.  This  wonderful  light,  free  from  heat  and  from 
consequent  loss  of  energy,  is  nature's  substitute  for  the  crude  and  extravagantly 
wasteful  lii^ts  of  which  we  have,  through  so  many  years,  been  foolishly  boast- 
ing. The  dynamo-electrical  engineer  has  nearly  solved  this  problem.  Let  us 
hope  that  it  may  be  soon  fully  solved,  and  by  one  of  those  among  our  own  col- 
leagues who  are  now  so  earnestly  working  in  this  field,  and  that  we  may  all  live 
to  see  him  steal  the  glow-worm's  light,  and  to  see  the  approaching  days  of  Yril 
predicted  so  long  ago  by  Lord  Lytton."— -Robert  H.  Thurston— rm«»artfV>n* 
of  the  American  Society  of  Michanical  Engineers,  1881,  p,  l^gitized  by  CjOOQ  IC 
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of  45  degreefl,  or  60  degrees  below  the  horizontal  plane,  for  in- 
stance, the  amount  indicated  will  be  five  or  six  times  gi-eater  than 
in  the  horizontal  plane.  Now,  the  surface  of  total  radiation  is  much 
larger  than  that  from  which  the  light-giving  rays  emanate.  It 
includes,  in  addition  to  the  incandescent  surfaces  near  the  arc,  all 
those  portions  of  the  carbons  which  are  heated,  either  by  conduc- 
tion or  by  the  current. 

The  amount  of  heat  radiated  from  regions  which  are  below  the 
red  heat  is  very  considerable,  and  forms  an  important  factor  in 
the  determination  of  the  efficiency.  Were  the  distribution  of  total 
radiation  in  the  vertical  plane  identical  with  that  of  the  light-giv- 
ing rays,  the  measurement  of  their  ratio  with  the  axis  of  the 
thermopile  in  any  plane  which  passes  through  the  arc,  would  give 
us  the  efficiency  of  the  lamp ;  but  the  curve  of  distribution  of 
total  radiation  is  not  the  same  as  that  of  candle-power,  and  the 
ratio  in  question  is  a  function  of  the  plane  which  the  axis  of  the 
pile  makes  with  the  horizon.  It  becomes  necessary,  therefore, 
to  make  an  exploration  of  the  entire  zone  through  which  the 
lamp  sends  out  rays,  determining  the  ratio  of  total  to  luminous 
radiation  for  each  angle,  and  then  to  integrate  the  results.  Such 
an  investigation  is  now  in  progress  imder  my  direction,  and  Mr. 
H.  Nakano,  who  is  carrying  on  the  experiments,  has  reached  some 
exceedingly  interesting  results.  The  research  will  soon  be  ready 
for  publication  in  its  complete  form,  and  it  will  aflford  us  much 
more  definite  data  concerning  the  radiations  of  the  electric  arc 
tlian  we  now  possess.  It  will  not  be  out  of  place  even  now  to  say 
a  word  concerning  the  method  which  is  being  employed,  and  the 
general  character  of  the  results  already  obtained. 

The  first  measurements  were  made  by  the  second  method  em- 
ployed by  Mr.  Merritt,  the  thermopile  in  the  horizontal  plane. 
The  lamp  subjected  to  measurement  was  of  the  long  arc  type, 
with  9  amperes  of  current  and  45  volts.  The  efficiency  in  this 
plane  was  found  to  be  surprisingly  small.  It  was  found,  more- 
over, to  vary  in  marked  degree  with  the  diameter  of  the  carbons 
used,  increasing  as  the  diameter  decreased  to  the  point  at  which 
the  carbons  were  rendered  hot  by  the  current,  when,  as  might  be 
expected,  it  fell  off  again. 

The  lamp  was  then  mounted  in  a  frame  which  also  carried  the 
thermopile  and  alum  bath,  and  which  was  so  constructed  that 
measurements  could  be  made  at  any  desired  angle.  All  necessary 
changes  of  angle  could  be  made  without  varying  the  distance^ 


X9S 


THE  EFFICIENCY  OF  METHODS 


from  the  arc  to  the  face  of  the  pile,  or  the  relation  of  the  alum 
bath  to  the  latter.     By  means  of  this  apparatus,  which  is  shown 


Fig.  4. 


in  figure  4,  it  has  been  found  possible  to  determine  the  ratio  of 
total  to  luminous  radiation  throughout  the  zone  of  radiation  of 
the  lamp,  and  to  plot  the  curve  of  distribution  ^^^*^h(,QQQ|e 
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Without  entering  into  the  details  of  an  incompleted  research,  I 
may  indicate  the  general  character  of  the  results  by  means  of  a 
diagram.  The  carves  shown  in  figures  5  and  6  are  those  relating 
to  a  "long-arc"  lamp  with  carl)ons  .45  inch  in  diameter.  They 
represent  respectively  the  distribution  of  luminous  and  total 
radiation  emanating  from  the  lamp.     The  radii  show  the  positions 


^^^?^r — — joo 


Pig.  5. 

for  which  measurements  were  taken ;  distances  measured  along 
these  lines  from  the  origin  to  each  curve  give  the  relative  inten- 
sities of  light-giving  and  total  heat  energy  in  each  position. 


Fig.  6. 

The  curve  of  luminous  radiation  corresponds  in  form  with  that 
of  candle-power.     The  distribution  of  total  radiation,  however, 

differs  widely  from  these,  and  the  ratio,  — -r-r  i ^^,  is  a 

total  energy    ' 

function  of  the  angle  which  the  line  of  measurement  makes  with 

the  horizontal  plane.     The  values  of  the  efficiency  in  the  case  in 

question  for  the  various  angles  at  which  measurements  were  made, 

are  given  in  table  iii.     They  form  the  basis  for  the  curv^ 
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6,  which  is  the  diagram  of  efficiencies  of  the  arc  light  under  the 

conditions  of  operation  already  stated. 

Tabt.k  III. 
Efficiency  of  an  arc  lamp ;  after  measurements  by 
Mr.  H.  Kankano. 
.      ,  «,«,  ,  Luminous  radiation. 

0**  .0548 

lO**  .0901 

20*  .^^28 

30*  .1506 

40*  .1552 

50*  .10^9 

60*  .0676 

68*  .0492 

The  integration  of  these  values  gives  as  the  mean  efficiency  of 
the  arc  lamp  in  question,  .104,  or  10.4  per  cent. 

The  ratio  of  the  radii  of  two  semi-circles,  the  areas  of  which 
equal  the  areas  inclosed  by  the  curves  of  luminous  and  total  radi- 
ation, gives  us  a  measure  of  the  "  mean  spherical "  efficiency  of 
the  lamp.  This  ratio  in  the  case  of  the  lamp  to  which  these 
curves  refer  is  very  much  smaller  than  the  generally  accepted 
values  of  the  efficiency  of  arc  lamps,  expressed  in  terms  of  the 
candle-power  per  watt,  would  lead  us  to  expect.  The  intensity 
of  the  arc  is,  however,  seldom  expressed  in  mean  spherical  candles, 
and  there  are  few  data  relating  to  the  candle-power  of  this  source 
of  light  upon  which  to  found  satisfactory  estimates;  On  the  one 
hand  we  find  it  stated,  doubtless  correctly,  that  the  mean  light- 
producing  efficiency  of  the  eleven  (Jynamos,  tested  at  the  Inter- 
national Health  Exhibition,  held  in  London  in  1884,  was  1,440 
candles  per  horse-power,*  while  the  glow  lamps  only  yielded  175 
candles,  and  it  is  with  estimates  similar  to  the  above  with  which 
we  have  generally  to  satisfy  ourselves  in  comparing  arc  and  in- 
candescent systems  of  illumination. 

For  the  purpose  of  deciding  whether  the  results  of  Nakano's 
method  of  determining  the  ratio  of  luminous  to  total  radiation 
are  compatible  with  our  other  sources  of  knowledge  concerning 
the  arc  light  we  must  make  use  of  mean  spherical  candle-power 
as  our  basis  of  comparison. 

Very  careful  measurements  of  the  mean  spherical  candle  power 
of  two  arc  lamps  of  representative  and  successful  commercial 
types  were  made  in  the  physical  laboratory  of  Cornell  University,' 

*  Julius  Maier,  Arc  and  Glow  Lamps,  p.  52. 

^  The  Photometry  of  Are  Lights.  Thesis  by  Benjamin  W.  Snow,  1885.  MS. 
in  the  Libraiy  of  ComeU  University.  ^^^^^^^^^  ^^  L-OOg IC 
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following  the  method  of  the  Franklin  Institute  Committee.  Both 
of  these  lamps  were  rated  at  2,000  c.  p.  They  were  maintained 
by  dynamos  of  the  types  for  which  they  had  been  especially  de- 
signed, working  under  normal  conditions.  One  of  the  lamps  gave 
a  mean  spherical  candle-power  of  295,  when  working  In  series 
with  nine  other  lamps  of  the  same  construction.  When  placed 
in  circuit  alone,  the  candle-power  rose  to  348.  The  energy  ex- 
pended in  the  lamp  in  each  case  was  550  watts,  and  the  efficiency 
accordingly  1.8  watts  and  1.6  watts  per  candle. 

The  other  lamp  was  found  to  reach  609  mean  spherical  candles 
at  the  cost  of  601  watts.  An  inspection  of  the  result  obtained 
by  the  Franklin  Institute  Committee  would  lead  us  to  regard 
these  as  extreme  values,  between  which  the  performance  of  almost 
all  arc  light  would  lie,  as  a  rule,  nearer  the  lower  than  the  upper 
of  these  limits.  The  efficiency  of  arc  lights,  then,  expressed  in 
mean  spherical  candle-power  per  watt  is  frequently  as  low  as  1.5 
times  that  of  the  incandescent  lamp,  and,  rarely,  three  times  as 
high.    Now  the  mean  efficiency  of  the  arc  lamp  under  discussion, 

^,        ^.     luminous  radiation  j.      .    xi 

t.  e,j  the  ratio,  — —pj — ,t  - . ,  according  to  the  measurements 

of  Mr.  Nakano,  is  almost  exactly  10  per  cent.  The  efficiency  of 
incandescent  lamps,  defined  in  the  same  way,  according  to  Mr. 
Merritt,  may,  as  we  have  seen,  be  taken  at  about  5  per  cent.  The 
ratio  is  2:1  in  favor  of  the  arc  lamp,  which  lies  within  the  limits 
determined  by  comparison  of  candle-power  and  watts. 

Small  as  these  values  for  the  efficiency  of  the  electric  light  are, 
they  show  marked  improvement  over  the  efficiency  determined 
in  a  similar  manner  for  sources  of  illumination  which  depend  upon 
the  incandescence  of  carbon  by  direct  combustion.  More  than  a 
quarter  of  a  century  ago,  Julius  Thomseu®  ])resented  before  a 
gathering  of  Swedish  men  of  science,  the  results  of  an  investiga- 
tion of  the  energy  consumed  in  the  sperm  candle,  and  in  various 
oil  and  gas  flames.  His  memoir  bore  the  suggestive  title  of  the 
Mechanical  Equivalent  of  Light,  and  is  one  of  the  earliest  con- 
tributions to  our  knowledge  of  the  energy  of  luminous  radiation. 

The  instruments  employed  in  Thomsen's  experiments  were  the 
thermopile  and  galvanometer,  tlie  indications  of  which  were  re- 
duced to  absolute  measure  by  determination  of  the  deflection 

*  Julius  Thomaen :  Das  Mechanische  iEquivalent  des  Lichtes ;  Poggendarff's 
Annalen,  Bd.  185,  p.  348. 
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produced  by  the  radiation  from  a  glass  globe  filled  with  hot 
water.  The  total  lose  of  heat  by  radiation  which  this  globe  suf- 
ferred  was  calculated  from  its  rate  of  cooling,  using  Ihilong  and 
Petit's  law.  The  water  equiyalent  of  the  globe  was  1,351  grains; 
its  total  loss  of  heat  per  minute  at  50  degrees  C.  was  250  calories ; 
its  loss  of  heat  by  radiation  at  the  above  temperature,  when  the 
air  of  the  room  was  at  17  degrees,  was  102  calories  per  minute. 
Under  these  conditions  the  influence  of  the  globe  of  water  upon 
the  thermopile  placed  at  a  given  distance  was  observed.  A  lum- 
inous body  having  been  substituted  for  the  globe,  its  influence  on 
the  pile  was  likewise  noted,  and  its  total  radiation  in  calories  cal- 
culated by  comparison  of  the  deflections  produced  in  the  two 
cases. 

For  a  sperm  candle  burning  8.2  grains  per  hour,  the  total  radi- 
ation estimated  by  this  method  was  210  calories  per  minute. 
Other  flames  gave  out  quantities  of  heat  nearly  in  proportion  to 
their  candle-power,  as  will  be  seen  by  inspection  of  table  iv. 

Table  IV. 

Calories  per  candle-power  radiated  by  various  flames,  according  to 
Julius  Thomsen. 

source  of  IllnmlnaUon.  ^]«;  ^al^^per 

Sperm  candle 1.  210 

Gas  flame 1.3  201 

Gas  flame 7.7  199 

Moderator  lamp 8.6  199 

The  luminous  energy  was  obtained  by  a  method  similar  to  that 
pursued  by  Merritt  in  the  experiments  already  described.  A 
bath  containing  a  layer  of  water  20  cm.  in  thickness  was  inter- 
posed between  the  lamp  and  the  thermopile  and  the  indications 
of  the  galvanometer  noted.  The  results  were  based  upon  the 
assumption  that  the  cell  absorbed  13  per  cent,  of  the  light  and  all 
of  the  dark  rays.  This  estimate  is  doubtless  faulty,  and  may  in- 
volve a  reduction  of  several  per  cent,  from  the  values  given  by 
Thomsen.     His  results,  uncorrected,  are  as  follows : — 

TABtB  V. 

Energy  of  luminous  radiation  of  various  flames  in  calories,  according  to 
Julius  Thomsen. 

o^                             Candle-  Luminous  Energy. 

^""^®-                      power.  per.  c.  p. 

Candles 1.  4.4  calories. 

Moderator  lamp ....              6.25  8.9  calories. 

Moderator  lamp 8.6  4.1  calories. 

(Jas 7.7  4.2  calories. 

Gas 1.2  8.7  calories. 
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The  energy  of  the  light-giving  rays  per  candle-power  of  light 
produced  is  then,  according  to  Thomsen,  very  nearly  the  same  for 
the  flames  of  the  candle,  oil  lamp  and  gas  burner.  This  conclusion 
has  been  abundantly  confirmed  by  spectro-photometric  observa- 
tions of  the  quality  of  the  light  which  they  emit.  It  appears, 
moreover,  from  these  observations,  of  which  I  shall  have  occasion 
to  speak  at  length  presently,  that  the  temperature  of  the  incan- 
descent particles  in  such  flames  agrees  very  closely  indeed  with 
that  of  an  incandescent  lamp,  consuming  5  watts  at  16  c.  p,  being, 
as  a  rule,  lower,  rather  than  higher,  than  the  latter ;  and  the 
calculation  of  the  energy  of  such  a  lamp  in  calories  per  minute, 
making  use  of  the  data  furnished  us  by  the  investigation  of 
Abney  and  Festing,  or  of  Merritt,  affords  most  satisfactory  evi- 
dence of  the  accuracy  of  Thomson's  results.  Let  us  take  for 
example  the  case  of  an  incandescent  lamp  in  which  5  watts  per 
candle-power  are  expended,  and  in  which  the  ratio 
Luminous  radiation  ^^ 
Total  radiation 
The  energy  converted  into  light  in  such  a  lamp  is  .25  watt. 
Now, 

1  gramme-calorie  =  4.2  X  10'  ergs. 

1  watt  =  10*  ergs  =  y-»  gramme-calories  per  second. 

25  X  60 
.25  watt  -=  * — j-^ —  gramme-calories  per  minute, 

and  the  heat  equivalent  of  the  luminous  energy  is  3.6  gramme- 
calories  per  minute. 

This  value  is  somewhat  smaller  than  those  given  by  Thomsen 
in  the  preceding  table,  but  proper  corrections  for  the  diathermancy 
of  the  water  bath  used  in  his  experiments  and  for  the  difference 
in  standards  of  candle-power — the  light  given  by  his  sperm  candle 
being  slightly  in  excess  of  the  legal  standard  of  the  present  day — 
will  bring  the  two  into  excellent  agreemei)t. 

The  entire  energy  developed  by  the  chemical  reactions  occurring 
in  these  flames  per  candle-power  of  light  produced  were,  however, 
about  1,400  calories  in  the  case  of  candle  and  oil  lamps,  and  4,100 
calories  in  the  case  of  gas,  so  that  the  gross  efficiency  would  be 
respectively  0.3  per  cent,  and  0.1  per  cent.  The  average  ratio 
of  total  radiation  reaching  the  thermopile,  to  luminous  radiation  is 
about  .2  per  cent.,  but  this  ratio  cannot  be  considered  in  the  same 
light  as  that  obtained  in  the  case  of  the  incandescent  lamp,  sinc^ 


174  THE  EFFICIENCY  OF  METHOAS 

a  gas  or  oil  flame  is  in  reality  a  column  of  heated  vapor  contain- 
ing particles  of  nnconsumed  carbon,  which  reaches  far  above  the 
luminous  region,  sending  out  dask  rays  from  its  upper  and  cooler 
portions,  which  do  not  reach  the  face  of  the  thermopile  at  all. 
The  relation  which  the  total  radiation  of  this  heated  column  bears 
to  the  heat  dissipated  by  convection  cannot  be  determined,  and 
the  determination  of  total  radiation  from  the  light-giving  portions 
alone  is  of  little  value.  It  is  only  in  the  matter  of  gross  efficiency, 
therefore,  that  we  can  institute  a  comparison  between  electric 
lamps  and  the  older  methods  of  illumination,  and  the  gross  effi- 
ciency of  the  former  depends  upon  the  efficiency  of  production 
of  electric  current.  Under  conditions,  such  that  10  per  cent,  of 
the  total  energy  of  the  fuel  consumed  is  converted  into  elec- 
tricity— conditions,  which  are,  I  believe,  rarely  attained  by  our 
present  methods — the  gross  efficiency  of  an  incandescent  lanr  p, 
of  which  the  net  efficiency,  determined  by  the  methods  which  I 
have  already  described,  is  5  per  cent.,  would  be  0.5  per  cent.;  a 
value  which  is  five  times  greater  than  that  of  a  lamp  burning  the 
kind  of  gas  used  by  Thomsen,  and  which  stands  in  the  ratio  of 
5:3  (or,  probably,  rather  more  than  that)  to  the  gross  efficiency  of 
an  oil  flame.  These  flames  must,  of  necessity,  vary  very  widely 
with  the  quality  of  the  fuel  consumed,  and  with  the  condition 
under  which  combustion  is  maintained. 

If  we  apply  a  similar  method  of  computation  to  the  values 
given  by  Mr.  Preece  in  his  recent  address  at  the  Bath  meeting  of 
the  British  Association  for  the  Advancement  of  Science,'  assum- 
ing that  the  conditions  under  which  each  illuminant  is  consumed 
are  such  that  the  temperature  of  the  incandescent  carbon  equals 
that  which  is  maintained  in  the  filament  of  an  incandescent  lamp 
at  5  watts  per  candle,  with  a  net  efficiency,  as  before,  of  5 
per  cent.,  a  set  of  conditions  which  can  be  attained  in  practice 
only  in  the  most  perfectly  constructed  oil  and  gas  lamps,  and 
which  are  fulfilled  in  many  of  the  best  of  our  incandescent  lamps 
of  to-day,  we  obtain  the  following  results : — 


'  Preece.    Address  before  Section  A,  meeting  of  the  B.  A.  at  Bath,  1888. 
Nature,  vol.  88,  p.  496. 
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Table  VI. 
Gross  efficiency  of  various  illuminants  deduced  from  the  values  given  by  Preece. 
The  heat  equivalent  of  the  luminous  radiation  of  a  candle  is  assumed  to  be 
8.6  gramme-calories  per  minute. 


lUuminant. 


Tallow 

\\ax 

8i)erm   

Mineral  oil  .. 
Vegetable  oil. 

Coal  gas 

Cannel  gas  .. 


•Wattt  per  candle,    j  Gnunmc-calorie. 
iPteece.)  per  minute  per 

candle. 


Luminous   radia- 
tion. 


1^ 
94 
86 
80 
57 
68 
48 


Total  energy  — 
gro8«  effiaency. 


1770. 
1840. 
1280. 
1148. 

815. 

971. 

685. 


.00268 
.00208 
.00815 
.00442 
.00817 
.00521 


In  considering  these  values  it  should  be  borne  in  mind  that  coal- 
gas  is  a  fuel  which  has  been  obtained  by  the  previous  expenditure 
of  considerable  energy.  Were  we  to  take  as  our  basis  the  con- 
sumption of  coal  necessary  to  the  production  of  a  candle-power 
of  light,  instead  of  the  heat  of  the  combustion  witliin  the  gas 
flame  itself,  the  values  for  the  efficiency  of  coal-gas  as  an  illumi- 
nant  would  be  very  considerably  reduced. 

We  have  already  seen  that  there  are  excellent  experimental 
grounds  for  the  statement  that  the  gross  efficiency  of  the  incan- 
descent lamp  is  about  .005,  and  that  of  the  arc  lamp  about  .01, 
under  the  assumption  of  the  waste  of  90  per  cent,  of  the  total 
energy  of  the  fuel  in  the  various  processes  leading  to  the  produc- 
tion of  the  current,  and  that  the  latter  figures,  small  as  they  are, 
are  considerably  in  excess  of  the  gross  efficiency  of  candles,  oil  or 
gas.  We  are  in  possession,  moreover,  of  the  means  of  expressing 
exactly  the  degree  of  superiority  which  the  electric  light  possesses 
over  those  illuminants  in  the  important  matter  of  the  heating 
effect  upon  the  surrounding  atmosphere.  Gas  and  oil  flames  de- 
hver  in  the  neighborhood  of  1,000  gramme-calories  of  heat  per 
minute  to  the  room  for  each  candle-power,  of  3.6  gramme-calories 
of  luminous  radiation.  An  incandescent  lamp  of  6  per  cent,  net 
efficiency  delivers  only  72  gramme-calories  per  candle-power. 

The  net  efficiency  of  the  incandescent  lamp  may  be  raised 
somewhat  by  increasing  the  temperature  of  the  carbon  filament, 
and,  indeed,  it  has  already  been  somewhat  raised  by  the  introduc- 
tion of  the  new  "3  watt"  lamps.  These  lamps  have  been  ex- 
cluded from  this  discussion  because  we  have  as  yet  no  complete 
data  with  reference  to  them,  and  because  it  seemed 
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aside  from  that,  to  institute  comparisons  between  sources  of 
illumination  in  which  the  degree  of  incandescence  was  the  same, 
and  for  all  of  which,  consequently,  candle-power  had  the  same 
meaning. 

When  we  raise  the  temperature  of  our  source  of  light,  however, 
we  introduce  changes,  of  which  the  methods  thus  far  considered 
take  no  cognizance. 

In  increasing  the  degree  of  incandescence,  the  ratio  of  luminous 
energy  to  total  energy  of  radiation  is  slowly  increased,  and  at  the 
same  time  the  relative  brightness  of  the  various  rays  which  con- 
stitute the  visible  spectrum  changes.  In  a  word,  the  quality  of 
the  light  changes,  and  we  are  confronted  by  important  variations 
which  cannot  be  expressed  in  candle-power. 

The  investigation  of  these  changes  in  composition,  upon  which 
color  depends,  involves  the  study  of  the  visible  spectrum  of  the 
source  of  light  and  the  comparison  of  its  intensity,  wave  length  for 
wave  length,  with  the  spectrum  of  some  properly  chosen  standard. 
The  instrument  necessary  to  this  work  is  the  spectro-photometer, 
by  means  of  which  the  spectra  of  the  two  lights  to  be  compared  are 
brought  together  in  the  field  of  view,  one  above  another,  like 
wave  lengths  everywhere  in  the  same  vertical  line.  The  meas- 
urements consist  in  bringing  the  two  spectra  to  the  same  intensity 
in  each  of  the  regions  selected  for  observation  successively,  and  in 
determining  the  amount  by  which  it  is  necessary  in  each  caee  to 
reduce  the  intensity  of  the  brighter.  A  variety  of  devices  have 
been  made  use  of  for  varying  the  brightness  of  the  specti-a,  and 
the  standards  of  comparison  adopted  by  different  observers  have 
included  the  candle,  the  petroleum  flame,  the  gas  flame,  and  the 
incandescent  lamp,  maintained  at  a  constant  voltage.  Thus  W. 
H.  Pickering  ^^  obtained  the  necessary  range  of  intensities  by 
placing  the  lamp  under  inspection  upon  a  slided  carriage  and 
varying  its  distance  from  the  slit  of  the  spectroscope.  His  stand-' 
ard  of  comparison  was  a  gas  flame.  H.  C.  Vogel"  used  as  his 
standard  a  petroleum  flame.  Crova,^  who  brought  the  intensities 
of  the  two  spectra  to  equality  by  means  of  a  polarizing  device, 
adopted  the  moderator  lamp  as  a  standard.     Otto  Schumann,  in 

"*  W.  H.  Pickering,  Proceedings  of  the  American  Academy  of  Arts  and  Sci- 
ences, vol.  16,  1880. 

"  H.  C.  Vogel.  Berliner  MonaUherichte,  1880,  p.  801. 

'  *  A.  Crova,  Comptes  Hendns^  87,  1878,  p.  822.  ^^^^^^^^^  ^^  GoOglc 
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his  study  of  the  incandescent  lamp,  made  use  of  a  "  benzine " 
candle.  The  intervention  of  a  revolving  disc  with  open  and 
closed  sectors  and  of  wedges  of  smoked  glass  have  also  been  ap- 
plied to  the  regulation  of  the  intensity,  and  the  method  of  vary- 
ing the  width  of  the  slit  itself,  a  device  due  to  Vierordt,  has  been 
found  to  give  good  results,  where  the  range  of  intensities  was  in- 
considerable. 

The  methods  of  presenting  the  results  of  this  class  of  meaaure- 
ment  have  differed  as  widely  as  the  methods  of  observation  and 
the  choice  of  standards ;  but  it  is  possible  wherever  the  data  are 
properly  given  and  the  character  of  the  standard  is  known,  to  re- 
duce them  all  to  a  common  basis  of  comparison.  When  thus  re- 
duced these  measurements  are  found  to  agree  in  all  essential 
particulars,  and  they  afford  us  very  definite  knowledge  of  the 


e 
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Fig.  7. 
character  of  the  light  emitted  by  the  sources  of  illumination  to 
which  the  spectro-photometer  has  been  applied. 

Figure  7  shows  the  form  of  the  spectro-photometer  recently 
used  by  Mr.  W.  S.  Franklin  and  myself  in  an  extended  series  of 
observations  upon  artificial  sources  of  illumination  and  in  the 
comparison  of  their  spectra  with  that  of  daylight . 

To  the  slit  of  a  one  prism  spectroscope  are  attached  a  set  of 
total  reflection  prisms,  /•,  by  means  of  which  rays  may  be  intro- 
duced mto  the  upper  and  lower  halves  of  the  slit,  these  rays 
coming  respectively  from  sources  of  illumination  placed  to  the 
right  and  left-hand  in  a  line  at  right  angles  to  the  axis  of  the 
collimator  tube.  The  standard  of  illumination,  which  is  an  in 
candescent  lamp  s,  maintained  at  16  candles,  is  placed  at  the  ob- 
8errer'8  right  hand.  o,,.ed.y(^OOgle 
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Its  rays,  having  been  rendered  parallel  by  means  of  a  condensing 
lense,  Z,  pass  through  a  pair  of  NicoPs  prisms,  n  and  n',  the  first  of 
which  is  free  to  revolve,  and  enters  the  upper  half  of  the  slit. 
The  intensity  of  the  spectrum  of  this  lamp  can  be  reduced  at  will 
by  the  rotation  of  the  first  Nicol,  and  its  brightness  is  calculated 
from  the  angle  between  the  flames  of  polarization  of  the  two 
Nicols.  To  the  left  of  the  slit  is  mounted  a  block  of  magnesium 
carbonate,  its  face  vertical  and  forming  an  angle  of  45  degrees 
with  the  axis  of  coUimation  of  the  spectroscope.  The  rays  of  the 
source  of  light  to  be  investigated,  s',  which  is  placed  at  a  conven- 
ient distance,  fall  upon  the  magnesium  carbonate,  and  it  is  such 
of  the  diflEusely  reflected  rays  from  the  latter  as  reach  the  total 
reflection  prisms,  and  thus  enter  the  lower  half  of  the  slit,  which 
form  the  second  spectrum.  The  object  gained  by  the  interpo- 
sition of  this  white  surface  is  an  important  one.  All  artificial 
light,  except  that  from  an  incandescent  lamp,  emanates  from 
glowing  materials  varying  greatly  in  temperature,  and  the  spec- 
tinim  obtained  directly  from  the  source  is  always  that  due  to  some 
particular  portion  of  the  luminous  body  under  investigation,  to 
the  exclusion  of  the  remainder,  and  differs  more  or  less  in  char- 
acter from  that  of  the  source  taken  as  a  whole. 

The  spectrum  of  rays  reflected  from  the  face  of  the  magnesium 
carbonate,  however,  contains  in  proper  proportions  the  light  from 
all  portions  of  the  source,  and  one  of  the  chief  sources  of  error  to 
which  spectro-photometric  work  is  subject,  is  thus  eliminated. 

The  investigations  made  with  this  instrument,  which  have  been 
described  in  a  paper  read  before  the  American  Association,*'  in- 
cluded the  measurement  of  candle  flames,  and  of  various  petro- 
leum and  gas  lamps^  also  of  the  lime  light,  the  incandescent  lamp 
under  a  wide  range  of  conditions,  of  the  electric  arc  and  of  day- 
light by  clear  and  by  clouded  sky.  The  results  obtained  illustrate 
the  precise  character  of  those  differences  in  composition  to  tJie 
bearing  of  which,  upon  the  study  of  the  efficiency  of  artificial 
illumination  I  desire  to  call  your  attention. 

In  the  first  place  it  was  found  that  the  light  of  the  candle,  and 
of  oil  and  gas  flames,  although  subject  to  considerable  fluctuations 
from  variations  of  the  condition  under  which  combustion  occurs, 


^*  Edward  L.  Nichols  and  W.  8.  Franklin.  A  Spectro-photometric  Com- 
parison of  Artificial  Sources  of  Illumination.  Paper  read  before  Section  B; 
A.  A.  A.  8.  at  the  Cleveland  meeting,  August,  1888.  CjOOQIC 
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differ  but  slightly  in  quality  from  each  other  and  from  that  of 
incandescent  lamps  maintained  at  normal  candle-power.  The  in- 
candescent material  in  all  is  carbon ;  and  it  is  a  significant  fact 
that  the  average  temperature  of  incandescence  is  nearly  the  same 
in  all  luminous  flames,  and  that  the  highest  temperature,  until 
very  recently  at  any  rate,  at  which  it  has  been,  found  practicable 
to  maintain  the  carbon  iilament  of  the  glow-lamp,  is  very  nearly 
that  at  which  the  same  material  exists  under  the  most  favorable 
conditions  in  oil  and  gas  flames.     Hence  it  is  that  the  radiant 


energy  per  candle-power,  as  has  been  ehown  by  Julius  Thomsen, 
18  nearly  the  same  for  ail  these  flames. 

Passing  to  other  sources  of  illumination,  such  as  the  lime  light 
and  the  electric  arc,  we  find  the  entire  portion  of  the  spectrum 
lying  beyond  the  yellow  increasing  more  rapidly,  regions  of 
longer  wave  length  than  the  yellow  increasing  less  rapidly  than 
the  candle  power ;  the  rate  of  increase  growing  steadily  as  the  wave 
length  diminishes  from  the  red  to  the  violet  end  of  the  spectrum. 
Fig.  8  shows  the  results  of  comparisons  of  the  spectra  of  the  lime 
light,  electric  arc,  and  of  daylight,  by  clear  and  by  unckuidfld 
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sky,  with  that  of  an  incandescent  lamp  maintained  at  its  normal 
candle-power.  This  lamp,  which  was  chosen  as  a  standard  of 
comparison,  was  an  Edison  16-candle,  100  volt  lamp.  Its  light 
was  precisely  similar  to  that  of  a  "  Board  of  Trade  "  argand  gas 
burner,  showing  the  same  relative  brilliancy  throughout  the  whole 
of  the  visible  spectrum.  The  measurements  were  made  with  the 
spectro-photometer  just  described  (see  Fig.  7),  the  light  in  every 
case  falling  upon  the  block  of  magnesium  carbonate,  and  entering 
the  slit  of  the  spectroscope  after  reflection  from  the  face  of  the 
latter.  For  purpose  of  comparison  the  brightness  of  the  standard 
incandescent  lamp  has  been  taken  as  unity  throughout  the  spec- 
trum. If  we  make  a  diagram  in  which  absciss®  are  wave-lengths 
and  ordinates,  intensities,  referred  to  that  of  the  standard  as  unity, 
the  curve  for  this  lamp  will  be  a  straight  horizontal  line,  with 
ordinate  =  1. 

All  other  spectra  are  reduced  to  the  same  brightness  in  the 
region  of  the  d  line  of  Fraunhofer,  and  their  brightness  in  other 
regions,  referred  to  that  of  the  corresponding  wave  lengths  in  the 
spectrum  of  the  standard,  is  shown  by  means  of  curves. 

Observations  were  made  in  ten  regions  of  the  spectrum,  equi- 
distant afi  to  wave  length,  and  embracing  the  whole  of  the  visible 
spectrum.  It  will  be  seen  by  reference  to  the  figure  that  the 
lime  light  is  relatively  much  stronger  in  the  violet  and  much 
weaker  in  the  red  than  the  standard.  In  the  arc  light  this  in- 
crease of  intensity  toward  the  violet  is  even  more  marked,  but 
its  variation  in  quality  from  the  lime  light  is  by  no  means  so  great, 
as  its  exceedingly  brilliant,  bluish-white  appearance  to  the  eye 
would  lead  us  to  expect.  The  source  of  that  appearance  and  of 
the  very  high  actinic  value  of  the  arc  is  found,  however,  in  the 
presence  of  an  exceedingly  bright  band  in  the  extreme  violet. 
Here  the  relative  intensity  of  the  arc  light  spectrum  rises  abruptly 
about  3  to  20  times  that  of  the  incandescent  lamp. 

Measurements  were  made  upon  a  long  arc  lamp  with  }^  inch 
carbons,  with  10  amperes  and  50  volts  and  a  short  arc  lamp  with 
a  20  ampere  current.  The  character  of  the  light  was  found  to 
be  almost  identical  excepting  in  this  light  band  in  the  neighbor- 
hood of  the  G  line,  which  is  much  more  prominent  in  the  long 
arc  lamp.  The  character  of  the  light  was  found  to  be  much  the 
same  at  all  angles  below  the  horizontal  plane. 

The  only  other  spectrophotometric  measurements  of  the  elec- 
tric arc  with  which  I  am  acquainted,  have  been  made  upon,  the 

Digitized  by  VjOOQLC 


OF  ARTIFICIAL  ILL  VMINA  TION.  181 

Foucault  regulator,  a  lamp  with  carbons  of  small  diameter. 
Fairly  concordant  determinations  of  the  distribation  of  intensities 
in  the  spectrum  of  this  lamp  by.  W.  H.  Pickering,"  H.  C.  Vogel,^' 
and  Crova,**  show  that  the  light  of  this  lamp  is  decidedly  bluer 
than  that  of  the  lamps  with  large  carbons  in  yogue  at  the  present 
day ;  the  spectrum  of  the  former  being  about  five  times  as  rich 
in  the  violet  as  that  of  gas  or  oil  flames.  Mr.  Nakano's  results, 
of  which  mention  has  already  been  made,  indicate  marked  in- 
crease in  the  efficiency  of  the  arc  lamp,  as  the  diameter  of  the 
carbons  is  decreased ;  and  since  increase  of  efficiency  arises  from 
a  higher  average  degree  of  incandescence,  we  should  expect  just 
such  an  increment  in  the  shorter  wave  lengths  as  shows  itself  in 
the  case  of  the  Foucault  regulator. 

Finally,  in  the  case  of  daylight  we  find  the  intensity  of  the 
shorter  wave  lengths  exceedingly  great  as  compared  with  that  of 
any  artificial  source  of  illumination.  If  the  spectrum  of  daylight 
be  brought  into  comparison  -with  that  of  an  incandescent  lamp, 
and  the  two  be  reduced  to  the  same  intensity  in  the  yellow,  the 
extreme  red  of  the  daylight  spectrum  will  be  so  dim  in  compari- 
son with  that  of  the  lamp  as  to  render  measurements  difficult.  In 
the  violet  the  discrepancy  will  be  just  as  marked,  the  sun's  spec- 
trum being  relatively  of  enormous  brilliancy.  Curve  i..  Fig.  8, 
shows  the  result  of  such  a  measurement  of  the  daylight  spectrum, 
taken  just  after  noon  upon  a  cloudless  summer  day. 

Vogel  has  given  data  of  a  determination  in  which  the  pre- 
ponderance in  the  violet  was  even  more  marked,  the  relative  in- 
tensity of  daylight  for  the  region  corresponding  to  wave  length, 
4,260  (just  beyond  the  g  line),  being  100  :  1  for  spectra  which 
were  equally  bright  in  the  neighborhood  of  the  d  line. 

Ordinarily,  there  is  considerable  absorption  of  the  blue  and 
violet  by  moisture  in  the  atmosphere,  and  a  measurement  of  day- 
light under  a  densely  clouded  pky  gave  curve  ii.  Even  under 
these  conditions,  with  the  violet  reduced  to  about  one-tenth  of 
the  value  which  it  possesses  in  clear  weather,  daylight  is  very 
much  bluer  than  any  artificial  light.  The  light  emitted  by 
burning  magnesium  approaches  more  nearly  to  it  than  any  other, 
being,  according  to  Pickering,  considerably  stronger  throughout 
the  blue  and  violet  than  the  light  from  the  Foucault  arc  lamp. 

^*  W.  H.  Pickering,  ;.  c. 

•*  H.  C.  Vogel,  f.  c.  ^  , 

"^  A.  Crova,  I.  c  ^'9'^'^^^  byLiOOglC 
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Itfi  color,  however,  is  not  reinforced  by  a  violet  band  like  that  in 
the  Bpectrum  of  the  electric  arc,  a  region  which,  by  its  extra- 
ordinary brightness,  has  marked  inflaence  upon  the  color  of  the 
light. 
These  variations  depend  upon  temperature  primarily,  and  they 


Fig.  9. 
may  be  studied  to  the  best  advantage  in  the  spectrum  of  the  in- 
candescent lamp.  The  radiating  surface  of  such  a  lamp  is  at  a 
nearly  constant  temperature  tliroughout,  and  it  may  be  given  a 
very  considerable  range  in  the  matter  of  incandescence,  involving 
variations  in  color  and  total  intensity,  which  are  under  complete 
control. 

An  Edison  lamp,  similar  to  that  which  had  been  used  as  a 
standard  in  our  previous  measurements,  was  subjected  to  spectro- 
photometric  analysis  by  Mr.  Franklin  and  myself,  at  4  candles,  10 
candles,  16  candles,  22  candles  and  28  candles,  successively.  The 
results  obtained  are  shown  in  figure  9. 

The  spectrum  of  the  lamp  at  16  candles  is  taken  as  of  unit 
brightness  throughout,  and  the  other  curves  show  the  amount  of 
light  of  each  wave  length  emitted  by  the  lamp  in  the  above-men- 
tioned states  of  incandescence.  Intensities,  in  every  case,  are  re- 
ferred to  the  light  of  corresponding  wave  length,  given  by  the 
same  lamp  at  16  candles,  as  unity. 

At  the  red  end  of  the  spectrum  the  intensity  incr^uses  more 
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slowly  than  candle-power;  at  the  violet  end  more  rapidly.  There 
exists  an  intermediate  ware  length  for  which  the  brightness  is 
proportional  to  the  candle-power.  The  vertical  line  in  the  dia- 
gram shows  the  portion  of  the  spectnim  for  which  this  holds  true, 
a  point  in  the  yellow  at  wave  length  6,000. 

If  we  suppose  the  same  measurements  executed  upon  a  set  of 
lamps  in  every  respect  similar  to  the  one  in  question,  excepting 
that  their  radiated  surfaces  are  of  such  size  that  they  give  16 
candles,  as  indicated  by  the  Bunsen  photometer  when  the  degree 
of  incandescence  corresponds  respectively  to  that  at  which  the 
lamp  actually  measured  emitted  at  4,  10,  16,  22,  and  28  candles, 
there  would  result  a  set  of  curves  of  the  same  general  character 
as  those  in  Fig.  12.  At  wave  length  6,000  these  curves  would 
have  a  common  value,  and  they  would  serve  to  indicate  both  the 
quantity  and  quality  of  the  variation  of  the  carbon  filament,  as  a 
function  of  the  incandescence,  candle-power  remaining  constants 
The  form  of  these  curves  is  shown  in  Fig.  10.  They  aflford  us 
data  for  discussion  of  the  candle  as  a  standard  of  illumination 
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which  conld  not  be  obtained  in  any  other  way.  They  show  the 
relative  distribution  of  energy  in  the  spectrum  of  five  lamps^ 
which,  according  to  the  indications  of  the  Bunsen  photometer,. 
are  of  equal  brightness,  but  which  differ  both  in  the  cmalitv  and 
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in  their  total  energy  of  their  luminous  radiation.  Their  efficiency 
expressed  in  terms  of  the  candle-power  produced  per  watt  ex- 
pressed in  the  lamp,  rises  rapidly  as  the  incandescence  increases. 
For  lamps  of  the  type  upon  which  these  measurements  were 
made,  for  instance,  the  relative  efficiency  referred  in  each  case  to 
that  of  the  lamp,  the  incandescence  of  which  corresponds  to  that 
of  an  Edison  lamp  at  16  candles,  is  given  in  the  column  headed 
Candle-power  .  ^  , , 
Watte        '°  ^^^^  ''"• 

Tablb  VII. 


State  of  incandesceoce  equivalent  to 

that  of  an  Ediaoa  x6-candle 

lamp,  giving— 

Relative  eflSdency  referred  to  that  of  a  16- 
caodle  lamp  as  unity. 

Candle-power          '     Luminous  radiation. 
Watu.               1        Total  mdiation. 

(1)    4  candles 

(•-8)10       "      

(8)  16       "      

(4)22       '•       

(5)28       "      

.894 

.729 
1.0<pO 
1  21S    . 
1.391 

.211 

.682 

I.OOO 

1.868 

1.589 

If,  however,  we  retain  as  the  measure  of  efficiency,  the  ratio, 

luminous  radiation  j  j        ^         ^i  i 
-= — jT— 1 ,  we  can  deduce  from  these  curves  values  corn- 
total  radiation 

ciding  with  those  reached  by  the  method  of  the  thermopile  and 
alum  cell.  To  this  end  we  must  know  the  above-mentioned  ratio 
for  some  one  candle-power  and  the  number  of  watts  necessary 
to  the  production  of  each  state  of  incandescence  for  which  the 
computation  is  to  be  made. 

The  relative  efficiency  can  then  be  calculated  from  the  areas 
inclosed  by  the  respective  curves.  Were  the  candle-power  pro- 
portional to  the  energy  of  luminous  radiation,  the  values  thus  ob- 
tained would  be  identical  with  the  relative  efficiency  determined 
from  the  relation  of  candle-power  to  watts.  The  relative  effi- 
ciency thus  computed  (see  table  vii.)  does  not  coincide  with  that 
obtained  from  the  ratio  of  watts  to  candle-power,  however,  for  the 
reason  that  the  various  rays  which  make  up  the  visible  spectrum 
do  not  enter  into  the  production  of  candle-power  in  proportion 
to  their  energy.  The  most  important  wave  lengths,  so  far  as 
light-giving  power  is  concerned,  are  those  which  form  the  yellow 
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of  the  spectrum,  and  the  relative  luminosity  falls  oflE  rapidly  both 
toward  the  red  and  the  violet.  The  longer  wave  lengths  have, 
however,  much  more  influence  upon  candle-power  than  the  more 
refrangible  rays,  as  will  be  seen  by  an  inspection  of  the  curves, 
the  relative  falling  oflf  of  the  red  end  of  the  spectrum  being  com- 
pensated by  larger  and  larger  accessions  in  the  blue  and  violet  as 
the  state  of  incandescence  increases. 

Luminosity  is  the  factor,  which  we  must  take  into  account  in 
seeking  a  complete  expression  for  the  efSciency  of  any  source  of 
illumination,  and  the  method  to  be  pursued  in  the  determination 
of  the  luminosity  must  depend  upon  the  use  to  which  the  light 
is  to  be  applied.  If  we  estimate  light  by  its  power  of  bringing 
out  the  colors  of  natural  objects,  the  value  which  we  place  upon 
the  blue  and  violet  rays  must  be  very  different  from  that  which 
would  be  ascribed  to  them  if  we  consider  merely  its  power  of  il- 
lumination aJB  applied  to  black  and  white.  In  a  picture  gallery, 
for  instance,  or  upon  the  stage,  the  value  of  an  illuminant  in- 
creases with  the  temperature  of  the  incandescent  material,  out 
of  all  proportion  to  the  candle-power,  whereas  candle-power  af- 
fords an  excellent  measure  of  the  b'ght  to  be  used  in  a  reading 
room. 

A  number  of  determinations  of  the  luminosity  of  artificial  light 
have  been  made.  In  the  earliest  of  these  by  Vierordt,"  the 
amount  of  white  light  which  may  be  mixed  with  each  color  of 
the  spectrum,  without  producing  an  appreciable  change  of  tint, 
was  taken  as  the  measure  of  the  luminosity  of  that  color.  The 
result  is  shown  graphically  in  Fig.  11.     The  curve  indicates  the 


Fig.  11. 


light-giving  power  of  each  wave  length,  estimated  in  the  above 
manner.    The  source  of  light  experimented  upon  was  a  petrc- 
' '    C.  Vierordt,  Annalen  d^r  Phyrik  und  Chemie,  Bd.  137,  ^giJU^-by  CjOOQ IC 
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leum  flame.  The  vertical  line  indicates  the  region  of  the  spec- 
trum within  which — according  to  the  measurements  of  the  quality 
of  light  of  the  incandescent  lamp  already  described — ^the  increase 
in  the  brightness  of  the  spectrum  is  proportional  to  the  candle- 
power.  This  region  corresponds  very  nearly  with  that  of  max- 
imum luminosity  of  the  spectrum. 

The  luminosity  of  the  blue  and  violet  rays  is  so  very  small  that 
in  the  production  of  ccmdle-power  the  influence  of  the  very  rapid 
growth  of  this  end  of  the  spectrum  with  increasing  temperature 
of  the  lamp  is  scarcely  appreciable.  If  we  estimate  the  light- 
giving  value  of  the  diflferent  portions  of  the  spectrum  by  means 
of.  the  facility  with  which  we  can  distinguish  black  characters 
upon  a  white  ground,  the  importance  of  the  more  refrangible 
rays  is  still  farther  diminished.  Thus  Mace  de  Lepinay  and 
Nicati^'  have  shown  that  if  yellow  and  blue  light,  estimated  to  be 
of  equal  brightness  by  photometric  means,  are  of  such  intensity 
that  one  can  clearly  distinguish  a  printed  page  when  illuminated 
by  the  yellow,  the  same  page  will  be  entirely  illegible,  when  the 
blue  light  alone  falls  upon  it.  These  observers  conclude,  indeed, 
that  "  the  mere  distinguishing  of  objects  is  due  almost  exclusively 
to  the  illumination  produced  by  the  less  refrangible  half  of  the 
normal  spectrum ; "  so  that  at  equal  brilliancy  "  the  superiority  of 
yellow  sources  of  light  (luminous  gas  flames,  incandescent  lamps) 
over  sources  richer  in  blue  rays  (light  of  the  electric  arc)  is  incon- 
testible."  "  The  only  real  advantage,"  they  add,  "  upon  the  side 
of  the  light  from  the  electric  arc  is  when  one  desires  to  rehabili- 
tate objects  more  nearly  in  the  hues  which  they  present  in  the 
light  of  day."  This  single  advantage  is  one  which  it  is  impossible 
to  take  due  account  of,  numerically,  in  an  estimate  of  the  eflS- 
ciency  of  artificial  illumination.  It  is,  nevertheless,  a  most  impor- 
tant factor  in  determining  the  adaptability  of  a  light  to  nearly  all 
the  purposes  of  everyday  life. 

Otto  Schumann,^'  to  whom  we  owe  a  most  exhaustive  study  of 
the  light  of  the  incandescent  lamp,  has  determined  the  luminosity 
of  several  types  of  such  lamps  at  various  stages  of  incandescence. 
His  results,  in  so  far  as  they  apply  to  a  16-candle  Edison  lamp, 
are  given  in  table  viii. 


^  *    Mace  de  Lepinay  and  W.  Nicati,  Journal  de  PhyHque,  second  line,  T. 
2,  p.  75,  1888. 

' »    Otto  Schumann,  ElektrotechntKhe  ZeiUehrift,  Bd.  6.  p.  324,  1884. 
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Table  VIII. 

LumlnoBiiy  of  an  Edison  lamp  of  various  stagts  at  incandescence,  according  to 

Otto  Schumann. 


1 

< 

S 

, 

Luminosity  of  yarious  regions  of  the  spectrum. 

Red 

Orange  Yellow 

Green 

Blue 

indigo 

Violet 

^ 

1 

—X 

X            X 

>l 

>l 

/ 

>l 

676 

656 

616 

657 

487 

464 

429 

0.625 

87.8 

64.6 

1.18 

4.64     

20.14 

0.64 

0.11 

.^78 

90.4 

61.8 

1.68 

6.66! 

80.85 

1.05 

0.20 

.727 

94.7 

68.8 

2.24 

9.84      58.11 

50.05 

1.71 

0.84 

.748 

97.4 

72.9 

2.59 

10.92!    68.28 

62.28 

2.28 

0.47 

.... 

.S28 

105.0 

86.4 

4.06 

17.14,    99.22 

104.8 

4.09  1    0.88 

.944 

112.9 

106.7 

6.97 

28.86  '  168.0 

189.1 

7.88 

1.75 



1.009 

117.6 

118.6 

8.74 

87.14  1  222.6 

255.7 

11.62 

2.71 

0.42 

1.086 

120.4 

124.7 

9.86 

41.67  '  268.8 

817.7 

16.04 

8.79 

0.60 

1.099 

124.5 

186.4 

11.43 

52.86  ;  845.2 

472.2 

26.24 

6.58 

1.04 

I  have  made  these  values  of  Schumann's  the  baais  of  a  set  of 
curves,  by  means  of  which  the  variation  in  luminosity,  with  total 
energy  in  watts,  is  exhibited  (see  Fig.  12).  It  will  be  seen  that 
the  position  of  the  maximima  moves  slightly  towards  the  violet 
as  the  brightness  of  the  lamp  increases.  This  tendency  is  very 
slight  within  the  range  of  temperatures  reached  by  the  incan- 
descent lamp.  In  the  arc  light  we  should  find  the  displacement 
more  marked,  but  in  the  case  of  sunlight,  in  which,  as  we  have 
seen,  the  shorter  wave  lengths  are  in  such  preponderance,  the 
movement  of  the  maximum  is  inconsiderable.  The  curves  shown 
in  Fig.  13  are  taken  from  the  investigation  by  Crova,  who  has 
determined  the  distribution  of  luminosities  in  the  spectrum  of 
sunlight  and  of  the  flame  of  a  petroleum  lamp.  The  maximum 
in  sunlight  is  at  X-^  582,  that  of  the  petroleum  A=-  692.  Nearly 
all  sources  of  illumination  will  be  found  to  have  a  maximum  lying 
between  these  two  wave  lengths. 

A  comparison  of  the  total  luminosity  of  the  incandescent  lamp 
with  its  candle-power  shows  that  the  former  increases  with  the 
energy  of  the  lamp  more  rapidly  than  the  latter,  although  the 
discrepancy  is  not  so  marked  as  in  the  comparison  of  efiiciency 
of  candle-power  with  that  of  luminous  radiation. 
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The  following  table,  obtained  by  the  Bninmation  of  the  lum- 
inosity curves,   shows  the   relation  between  candle-power  and 
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Fig.  12. 


total  luminosity,   in  the  case  of  the  lamp  studied   by   Sehu- 


lann : — 

Tablb  IX. 

Candle-power 

and  total  luminosity  of  the  incandescent  lamp. 

Watts. 

Candle-power.                           Total  luminosity 

54.6 

4.11 

61.8 

6.81 

68.8 

ib!l2 

10.80 

72.9 

12.05 

12.58 

86.4 

18.80 

20.64 

106.7 

81.60 

36.80 

118.6 

41.44 

49.77 

124.7 

50.16 

60.85 

186.4 

64.15 

.•►.. 

Plainly  then,  candle-power  does  not  afford  a  measure  either  of 
the  light-giving  energj^  or  of  the  luminosity  of  a  source  of 
illumination.  When  used  in  the  comparison  of  sources  which 
differ  in  temperature,  the  indications  of  the  photometer  always 
yield  us  relatively  too  low  a  value  for  the  intensity  of  the  lamp 
of  higher  incandescence.  In  the  case  of  candles  m,  gas,  or  of 
either  of  these  in  comparison  with  the  incandescent  lajiij^^or- 
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mal  temperature,  the  error  is  not  important,  but  between  the 
candle  and  the  ^^16-candle"  lamp  maintained  at  50  candle-power, 
the  discrepancy  amounts  to  10  per  cent.  For  the  electric  arc  the 
ratio  of  candle  power  to  total  luminosity  is  very  nearly  4  :  6,  and 
in  the  case  of  daylight  it  is  about  4  :  6. 

In  arc  light  photometry,  candle-power  is  already  a  well-nigh 
meaningless  term.  Would  it  not  be  weU  to  abandon  it  altogether 
in  favor  of  some  standard  affording  us  an  expression  for  the  lum- 
inosity of  radiation  ?  So  far  as  the  incandescent  lamp  is  con- 
cerned, light-giving  power  is  a  perfectly  definite  function  of  the 
temperature  and  of  the  area  of  the  radiating  surface.  We  are 
unfortunately  not  in  position  at  the  present  day  to  measure  the 
temperature  of  an  incandescent  filament,  but  the  time  will  un- 
doubtedly come  when  the  relation  between  the  temperature  and 
the  quality  of  the  light  emitted  by  glowing  carbon  will  be  de- 
finitely known.  We  may  indeed  look  forward  to  the  develop- 
ment of  some  optical  method  for  the  measurement  of  the  tempera- 
ture of  incandescence  which  shall  be  as  easily  performed  as  our 
present  method  of  determining  candle-power,  and  which  shall 
admit  of  a  much  higher  degree  of  precision.  The  comparison  of 
lamps,  the  temperatures  of  which  are  the  same,  will  then  reduce 
itself  to  a  question  of  radiating  surface.  Total  luminosity  and 
total  energy  of  luminous  radiation,  per  unit  of  surface,  together 
with  net  and  gross  efficiency,  may  then  be  expressed,  in  so  far  as 
incandescent  carbon  is  our  source  of  illumination,  as  functions  of 
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the  temperature  alone,  and  the  performance  of  any  lamp  may  be 
defined  in  terms  which  admit  of  no  uncertainty. 
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DISCUSSION. 

The  Chairman: — Q-eatlemen,  I  am  sure  that  you  must  have 
heard  with  the  greatest  pleasure  the  very  able  paper  that  has  been 
read  extemporaneously — if  I  may  so  express  it.  I  have  the  paper 
before  me,  and  I  think  that  such  a  subject  should  incite  us  to  a 
very  full  and  free  discussion.  We  have  with  us  this  evening  a 
number  of  gentlemen  who  are  interested  in  this  question,  either 
from  a  scientific  or  commercial  standpoint,  and  a  great  many  of 
them  have  already  had  some  practical  experience  with  regard  to 
the  fact  that  candle-power  does  not  express  the  light-giving  capa- 
city of  a  lamp,  and  they  have  had  some  little  difficulty  in  convinc- 
ing city  councils  and  other  bodies  of  that  fact  I  think  that  such 
members  should  take  an  active  part  in  the  discussion,  and  I  do 
not  propose  to  stand  in  their  way  by  occupying  your  attention 
longer. 

Mb.  Upton  : — I  listened  with  great  pleasure  to  the  paper  of 
Prof.  Nichols.  I  think  that  we  have  heard  a  paper  which  puts 
more  clearly  than  it  has  ever  been  put  before,  the  subject  of  can- 
dle-power. For  the  last  few  years  there  has  been  considerable  dis- 
cussion regarding  candle-power.  It  is  a  matter  which  enters  very 
largely  into  my  business ;  and  speaking  of  the  difficulty  of  mak- 
ing good  measurements,  and  of  the  meaning  of  candle-power,  I 
might  mention  a  story  concerning  a  young  gentleman  whom  many 
of  you  know,  who  was  engaged  to  be  married.  He  went  out  into 
the  country  and  spent  Sunday  there,  and,  on  coming  back,  inno- 
cently remarked  that  he  had  never  noticed  how  much  light  a  lan- 
tern gave  until  that  Sunday.'  What  Prof.  Nichols  has  said  as  to 
the  amount  of  light  that  a  low  candle-power  would  give  for  ilium 
inating  purposes  is  very  true.  For  example,  you  take  a  fire,  and 
you  will  notice  how  it  will  illuminate  the  buildings  around,  and 
yet  the  candle-power  is  low.  Where  you  have  a  low  glow  from  coal, 
the  candle-power  is  very  low,  yet  the  general  illuminating  power 
is  very  large.  As  to  the  artificial  or  fixed  method  of  rating  can 
die-power  in  incandescent  lamps,  I  consider  that  the  present 
method  of  calling  an  incandescent  lamp  16  or  20  candle-power  is 
entirely  wrong.  Incandescent  lamps  are  simply  sorted.  You  put 
them  in  at  100  volts  or  105  volts,  so  that  they  will  be  even  if 
burned.  That  is  all  it  means  practically.  Each  consumer  of 
light  should  fix  the  candle-power  to  suit  the  conditions.  The 
marking  that  is  now  done  on  incandescent  lamps  is  merely  nom- 
inal; that  is,  it  is  in  the  hands  of  the  parties  who  use  the  light  itp 
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make  the  candle-power  as  much  as  they  like.  I  wish  to  express 
my  pleasure  at  the  prod  action  of  such  a  paper  as  this,  because,  it 
is  of  the  class  that  we  want.  We  want  more  of  them  in  these 
meetings.  It  brinpp  to  us  the  results  of  laboratory  work,  such  as 
is  now  being  carried  on  at  Cornell,  and  when  we  can  get  such 
papers,  we  can  count  ourselves  very  fortunate. 

Dr.  Otto  A.  Moses  : — I,  too,  have  listened  with  a  great  deal  of 
pleasure  to  the  paper  and  to  Mr.  Upton's  comments  upon  it,  and 
it  carries  me  back  to  the  day  when  the  determination  of  candle- 
power  was  the  all  absorbing  problem — the  day  when  it  was  the 
question  whether  the  incandescent  light  had  any  reason  for  exist- 
ing or  not.  However,  the  concluding  remarks  of  Prof.  Nichols 
open  up,  I  think,  the  proper  field  for  us  to  cultivate  to-night,  and 
that  is  the  method  by  which  we  can  arrive  at  some  photometric 
standard.  The  method  that  he  proposes  has  one  very  great  diffi- 
culty. He  suggests  the  direction,  but  it  is  like  pointing  to  the 
stars — you  may  go  on  to  infinity.  Carbon,  which  is  the  material 
now  used  for  famishing  the  incandescent  filament,  depends  for 
its  atomic  condition  upon  the  degree  of  temperature  to  which  it 
has  been  subjected,  that  is  to  say,  it  varies  in  density  and  com- 
position. This  method  struck  me  as  we  were  listening  intently 
to  Prof.  Nichols'  remarks — ^if  it  were  possible  to  surround  the 
light-giving  center  with  some  spherical  film  of  definite  thickness 
and  containing  a  certain  quantity  of  a  substance  to  be  acted  upon 
by  the  light,  it  would  be  possible  by  superposing  those  films,  to 
get,  I  imagine,  what  would  be  the  summation  of  the  chemical  ac- 
tions on  all  the  different  colors  in  the  spectrum  from  the  dark 
rays  up  to  those  of  highest  incandescence.  In  that  way,  by  dis- 
solving out  from  this  film  the  soluble  portions  and  determining 
the  insoluble  matter,  it  would  be  possible,  by  a  chemical  method^ 
to  arrive  at  the  total  chemical  action  on  all  those  films,  and  in  that 
way  make  some  definite  approach  to  what  is  the  real  energy  ex- 
pended by  the  light.  But  it  is  a  subject  on  which  I  think  we  can 
all  say  with  Goethe  in  his  dying  moments,  "  We  need  light — ^more 
light." 

Prof.  Nichols  : — If  you  are  not  all  quite  tired  of  me,  I  think 
I  could  perhaps  make  the  last  point  a  little  clearer.  The  slide 
did  not  quite  do  its  duty,  I  think,  in  bringing  out  the  relationship 
between  the  various  wave-lengths  of  radiation  of  four  lamps  all 
of  which  give  the  same  candle-power,  and  from  that  I  think  I  can 
indicate  to  you  the  line  along  which  I  would  suggest  a  change  of 
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standard.  I  will  draw  a  diagram  whicli,  perhaps,  mil  be  a  little 
clearer.  Suppose  this  (see  Fig.  14)  is  the  spectrum  which  is 
assumed  to  be  of  unit  intensity  throughout.  This  is  the  yellow 
(indicating) ;  here  is  the  red ;  out  here  is  green,  blue  and  then 
violet,  which  is  the  limit  of  the  spectrum.  Now,  if  you  have  a 
lamp  of  the  same  type  of  carbon,  which  corresponds  to  a  16  can- 
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Fig.  14. 

die-power  lamp  of  to-day;  take  this  same  lamp  and  run  it  at  a 
temperature  which  corresponds  to  4  candle-power  to-day,  and 
make  that  lamp  large  enough  so  that  the  photometer  says  it  gives 
16  candles,  we  find  a  curve  like  that  which  I  had  in  my  diagram, 
of  this  variety.  Here  arc  two  lamps,  one  16  and  the  other  4  c.  p., 
and  the  photometer  says  that  they  are  the  same,  but  they  are  not 
the  same  either  in  total  amount  of  energy,  as  one  of 
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showed  you,  or  in  lurainous  eflEect;  and  if  we  run  that  on  to  28 
candles,  we  find  the  red  very  much  weaker  and  the  blue  correspond- 
ingly much  stronger.  And  there  are  tliree  lamps,  all  of  which 
the  photometer  says,  give  16  candles,  and  yet  they  vary  in  total 
luminous  energy  and  in  total  light-giving  value  as  measured  by 
their  luminosity.  At  any  rate,  for  a  single  type  of  carbon,  pre- 
pared according  to  a  certain  process,  and  I  believe  it  will  hold 
through  very  closely  of  all  filaments,  if  you  know  the  state  of  in- 
candescence, the  temperature  and  the  radiating  surface,  you  have 
got  a  complete  definition  of  the  performance  of  that  lamp,  and 
you  can  then  express  exactly  what  it  will  do  for  any  purpose  for 
which  you  design  it.  If  you  want  colors,  you  use  it  at  high  in- 
candescence. If  you  want  the  greatest  possible  reading  power, 
you  will  get  a  maximum  for  that  purpose  at  a  lower  temperature. 
You  may  have  lamps  which  will  give  very  different  values  when 
measured  in  these  more  exact  ways,  and  yet  give  the  same  value 
by  the  Bunsen  photometer. 

In  the  case  of  the  16-candle  lamp  raised  to  50  candles,  this  error 
amounts  to  10  per  cent.  As  between  the  incandescent  lamp  of  16 
candle  and  the  arc  light,  the  ratio  between  candle-power  and  lum 
inosity  is  4  to  5  nearly.  When  we  come  to  compare  candle-power 
with  daylight,  one  is  half  as  good  again  as  the  other,  and  the  ratio 
is  4  to  6,  Tliat  is,  a  man  who  would  give  us  16  candles  of  a  light 
like  daylight  would  be  giving  us  practically  half  as  much  again,  or 
24  candles.  Light  of  the  quality  of  commercial  arc  light,  is  as  5  to 
4,  that  is,  16  candles  of  that  light  are  worth  20  candles  of  the  in- 
candescent lamp.  lie  who  brings  his  incandescent  lamp  to  a 
state  which  corresponds  to  50  candles  gives  us  about  10  per  cent, 
more,  measured  according  to  the  luminosity,  and  yet  we  still  are 
satisfied  with  the  candle  as  our  measurement  of  the  performance 
of  lamps. 

Mr.  Joseph  Wbtzleb: — Prof.  Nichols  has  outlined  in  a  very 
good  suggestion,  the  method  which  he  would  pursue  to  get  at  the 
correct  method  of  measuring  the  candle-power  of  the  lamp,  and 
his  method  would  consist  in  obtaining  tlie  radiating  surface  of  the 
filament  and  its  temperature.  I  would  like  to  ask  if  he  has 
attempted  any  practical  way  of  carrying  that  out.  Naturally  it 
would  seem  that  the  determination  of  the  radiating  area  of  a  fila- 
ment would  be  easy  to  accomplish,  knowibg  its  size  and  shape, 
and  then  would  come  the  question  of  the  temperature. of  the  fila- 
ment.    It  strikes  me  that  if  we  knew  for  any  particular  cai;bon, 
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the  rate  of  variation  of  resistance  for  increase  in  temperature,  that 
the  latter  might  be  comparatively  easily  determined,  I  would 
like  to  know  if  Prof.  Nichols  has  worked  in  that  direction.  We 
would  have  merely  to  measure  the  resistance  of  the  carbon  by  a 
method  similar  to  that  of  the  Siemens  pyrometer  to  obtain  its 
temperature,  and  then,  having  the  temperature  and  the  area  we 
could  get  at  the  value  which  he  suggests. 

Peof.  Nichols  : — I  would  say,  in  reply  to  Mr.  Wetzler's  sug- 
gestion, that  I  have  been  very  much  discouraged  from  attempting 
that,  on  account  of  some  very  singular  results  which  Prof. 
Anthony  obtained  some  years  ago,  and  which  I  think  he  reported 
to  the  Institute  at  that  time,^  in  the  matter  of  the  behavior  of  in- 
candescent lamp  carbons  as  tx)  resistance  at  high  temperatures. 
Supposing  that  we  have  a  carve  along  which  the  resistance 
is  falling  off;  we  should  expect  it  to  go  on  falling  off  ac- 
cording to  a  well  defined  law ;  but  he  came  across  a  number  of 
lamps  in  which  this  curve  turned  upward,  and  at  a  certain  point 
you  would  have  a  very  high  temperature  and  a  low  temperature 
at  which  the  resistance  would  be  the  same.  Phenomena  of 
that  kind  rather  deterred  me  from  that  method  of  getting  at  the 
temperature  of  the  carbon.  But  I  think  there  is  a  hope  of  getting 
an  optical  method,  an  instrument  by  which  you  can  look  directly 
at  the  light  and  ascertain  its  temperature  in  degrees  centigrade. 
I  think  it  would  be  premature  to  speak  of  that  now,  possibly  at 
some  future  meeting  I  may  be  able  to  report  progress  on  it. 

Dr.  Mosks: — This  is  an  interesting  subject  and  there  are 
those  here  who  can  give  us  some  information  which  wiU  lead  us 
towards  the  proper  solution  of  it.  Mr.  Upton,  I  am  sure,  will  be 
able  to  answer  some  of  these  questions  for  us.  In  the  manufact- 
ure of  carbons,  for  instance,  from  bamboo,  in  which  he  perhaps 
has  had  more  experience  than  any  other  living  man,  the  carbons 
are  manufactured  of  certain  dimensions.  They  are  then  sub- 
mitted to  approximately  a  definite  temperature,  but  it  is  found 
that  they  vary  considerably  in  their  resistances.  Nevertheless, 
being  of  the  same  dimensions,  and  the  carbons,  when  rendered 
incandescent,  being  brought  up  to  a  certain  definite  temperature, 
irrespective  of  the  resistances  in  the  beginning,  it  would  seem 
when  definite  amounts  of  current  were  passing,  that  in  spite  of 
this  variation  in  resistance  you  would  finally  get  the  same  amount 
of  light,  having  these  dimensions  and  the  same  material  to  act 

1.    Transactions  American  Institute  of  Electrical  Engineers,  Vol.  IV.  p.  198. 


DI8CU88I0N.  195 

upon  and  the  same  temperature  ultimately  ;  the  temperature  in 
this  case  being  brought  about  by  the  current.  Now,  if  Mr.  Up- 
ton would  tell  us  about  what  would  be  the  variations  in  carbons 
when  of  the  same  dimensions,  when  any  given  lot  of  them  are 
put  into  lamps,  if  there  would  be  a  variation  of  as  much  as  20 
ohms. 

Mr.  Upton  : — The  ohms  vary,  of  course,  from  accident.  The 
one  constant  is  the  candles  per  horse-power. 

Db.  Mobbs  : — But  a  definite  fact  is  the  amount  of  current  that 
you  allow  to  pass  through  them  in  testing  them  for  their  illumin- 
ating power.  If  you  were  to  allow  a  definite  number  of  watts 
to  pass  through  those  lamps,  would  you  not  approximately  get 
the  same  amount  of  illumination  irrespective  of  the  initial  varia- 
tion in  resistance  ?  It  is  a  problem  which  it  seems  to  me  would 
interest  you.     You  may  have  tried  it  and  solved  it  already. 

Mb.  Upton  : — You  are  stating  in  a  few  words  a  pretty  large 
problem ;  that  is  the  trouble.  Of  course,  the  question  of  the 
quality  of  the  carbon  comes  in,  in  a  very  large  degree.  That  has 
been  shown  again  and  again.  The  one  constant,  as  I  said,  is  the 
candles  per  horse-power.  The  carbons  will  vary,  of  course.  Ke- 
ferring  to  what  Prof.  Nichols  says  about  the  falsity  of  photome- 
tric measurements,  many  of  us  know  that  where  lamps  run  a  little 
bright  a  greater  effect  would  be  obtained  for  certain  purposes  far 
in  excess  of  the  increase  of  candle  power.  That  has  been  noticed 
in  store  lighting  where  colors  come  in,  and  Prof.  Nichols  has 
explained  it.  There  is  another  point  about  lighting  that  was  not 
mentioned  and  that  is  the  physical  effect,  we  used  to  notice  that. 
The  moment  you  get  lighting  up  to  a  certain  brightness,  it  has 
a  cheering  effect.  If  you  have  it  dull,  it  has  the  opposite  effect, 
though  both  may  be  giving  the  same  bulk  of  candle  power.  I 
hope  I  have  answered  your  question. 

Db.  Moses: — You  have  answered  it,  I  think,  quite  correctly, 
when  you  say  that  we  can  ultimately  get  the  same  quality  of  car- 
bons, if  we  carry  the  temperature  of  the  carbon  and  keep  it  there 
for  a  time  very  much  higher  than  the  temperature  at  which  the 
filament  was  originally  carbonized.  That  is  to  say,  when  you 
take  definite  dimensions  and  bring  them  up,  say  to  a  power  of  48 
candles,  and  keep  them  there  for  some  time,  you  then,  so  to  say, 
cook  that  carbon  and  get  just  the  very  condition  at  which  you 
can  make  these  tests.  Now,  then,  by  passing  a  definite  amount 
of  current  and  bringing  the  temperature  as  closely  as  we  can  c^- 
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culate  up  to  48  candles,  would  yon  not  then  get  the  same  amount 
of  candle  power  from  all  of  these?  That  question  answered 
would  decide  whether  it  was  possible  to  use  this  iilament  as  a 
photometric  standard.  That  was  the  point  we  were  originally 
discussing. 

Mr.  Upton  : — As  I  said  in  reference  to  using  a  filament  for 
photometric  standard,  carbon  varies  in  the  character  of  its  surface, 
and  you  must  specify  your  carbon  and  specify  its  carbonization 
before  you  can  take  it  as  a  standard.  You  take  a  black  carbon 
or  gray  carbon,  or  polished  carbon  and  all  the  grades  running 
between  those,  and  you  will  have  a  variation  in  candle  power. 
The  dimensions  do  not  fix  the  candle  power.  It  is  the  quality  of 
the  surface  that  fixes  the  candle  power  to  a  large  degree. 

Db.  Moses  : — But  may  we  not  get  that  quality  of  surface  by 
bringing  it  to  the  same  high  intensity,  by  using  a  definite  amount 
of  current,  and  then  determining  whether  those  carbons  do  not 
furnish  at  the  same  amount  of  horse  power  consumed,  the  same 
amount  of  light. 

Mb.  IJproN: — No.  Take  a  thin  flash  carbon;  you  bring  that 
up  high  and  it  has  changed  its  quality ;  and  the  power  it  will 
take  to  give  a  certain  light  will  change.  Incandescent  lamps  de- 
pend on  the  surface,  temperature  does  not  fix  it,  as  far  as  I  know. 
Of  course  the  temperature  changes  with  the  cooling  effects ;  and 
to  measure  the  temperature  of  the  filament  itself  is  a  very  diffi- 
cult matter.     I  do  not  know  how  to  do  it  at  present. 

Dr.  Moses  : — The  meeting  must  pardon  my  keeping  up  the 
conversation,  but  I  am  reminded  of  Dr.  Draper's  experiments — 
the  classical  ones — where  it  was  necessary  to  bring  the  object  up 
to  about  1,000  degrees  of  temperature  before  it  became  luminous. 
Now,  we  have  got  our  conversation  up  to  that  point,  and  I  hope 
we  shall  continue  it  in  order  to  get  results  from  it.  Nature  indi- 
cates a  very  definite  chemical  composition  in  her  vegetable  pro- 
ducts. It  is  true  any  fibre  will  vary  in  different  parts  of  the 
plant,  and  there  will  be  a  difficulty  again  ;  but  since  Mr.  Upton, 
I  believe,  is  careful  to  have  them  all  from  the  same  radial  dis- 
tance from  the  axis  of  the  plant,  on  that  account  we  may  con- 
sider that  the  material  is  homogeneous  and  uniform.  But  when 
we  raise  a  body  to  a  given  temperature  we  drive  off  those  sub- 
stances that  may  be  distilled  off,  and  if  we  finally  get  a  definite 
amount  of  temperature,  entirely  irrespective  of  its  composition 
in  the  beginning,  and  then  put  a  definite  amount  of  current^ 
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through  a  definite  parallelopipedon  of  carbon,  we  ought  to  get  a 
definite  amount  of  illumination.  Now,  then,  would  not  the  same 
cross-section  and  hence  the  same  areas  of  similar  carbons  give  ex- 
actly the  same  amount  of  light?  My  reason  for  pressing  the 
question  is  to  determine  whether  the  suggestion  of  Prof.  Nichols 
may  not  ultimately  be  taken  as  the  definite  photometric  stand- 
ard. Now  the  platinum  method  has  obvious  disadvantages, 
from  experinients  which  have  become  classical,  made  at  the  lab- 
oratory at  which  Mr.  Upton  assisted,  where  platinum  was  discov- 
ered to  be  constantly  changing  its  condition  in  a  vacuum  and 
constantly  giving  off  irs  surface  under  the  bombardment  of  the 
particles  combined  with  some  action  of  the  current,  and  it  is  not 
by  any  means  constant.  So  that  carbon  may  be  a  better  material 
than  platinum.  Nevertheless  they,  and  all  other  substances  are 
varying  constantly.  So  that  it  is  scarcely  to  be  hoped  that  it  will 
be  ever  taken  as  a  standard.  It  is,  however,  so  easy  to  obtain 
these  standards,  and  they  can  be  so  easily  renewed,  that  perhaps 
they  may  be  ultimately  adopted  as  such. 

Ms.  Mailloux: — The  constitution  of  carbon,  as  it  occurs  in  the 
incandescent  lamp,  is  to  a  large  extent  an  artificial  one,  and  one 
which  is  dependent  greatly  upon  the  method  of  treatment.  You 
may  say,  for  instance,  that  the  value  of  a  carbon  filament  would 
depend,  other  things  being  equal,  on  the  density  of  the  carbon. 
No  doubt  that  density  has  some  relation  to  the  color  of  it  and  that 
again  the  color  has  some  relation  to  the  condition  of  the  surface, 
whether  it  is  granular,  and  whether  it  is  crystalline,  and  whether 
it  is  smooth  and  polished.  Now,  it  occurs  to  me  that  it  may  be 
that  this  variation  of  resistance  in  the  incandescent  lamp  tilament 
is  one.  which  instead  of  being  abnormal,  is  perfectly  normal  and 
characteristic  of  carbon  in  a  highly  incandescent  state.  May  it 
not  be  that  the  resistance  of  carbon  varies  with  its  density  and 
that  this  attains  a  minimum  at  a  certain  point.  I  am  brought  to 
this  idea  by  a  certain  analogy  with  substances  which  are  perfectly 
familiar  to  us — electrolytes.  I  have  had  considerable  experience 
in  electrolysis,  and  have  had  to  determine  the  specific  resistance 
of  a  great  many  substances,  and  I  find  that  a  great  many — I  will 
not  say  all — but  a  large  number  of  chemical  substances  used  in 
electrolysis  have  the  very  peculiar  property,  that  there  is  a  par- 
ticular density  at  which  they  give  the  minimum  resistance.  For 
instance,  with  sulphuric  acid,  which  is  so  extensively  used  now-a- 
days  in  storage  batteries,  the  curve  is  a  very  peculiar  one;^a 
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very  small  increase  at  first  in  specific  grarity,  where  you  start 
with  pure  water,  will  make  a  very  large  decrease  of  resistance^ 
but  at  a  specific  gravity  of  1.2  you  have  reached  very  nearly  the 
minimum,  and  beyond  that  the  resistance  increases,  and  finally, 
when  the  sulphuric  acid  is  at  its  maximum  density,  the  resistance 
will  become  quite  high  and  the  curve  presents  a  very  striking 
analogy  indeed  to  that  which  Prof.  Anthony  presented  before 
the  Institute  in  his  paper  referred  to  by  Prof.  Nichols.  Moreover, 
it  is  found  that  each  class  of  salt — take  the  sulphates  for  instance — 
gives  a  series  of  lines  which  have  the  same  general  character  of 
curvature,  and  no  doubt  they  are  amenable  to  one  general  form 
of  equation,  and  may  it  not  be  that  we  have  here  to  deal  with  a 
phenomenon  which  is  entirely  normal,  and  that  when  we  once 
determine  the  particular  law  which  would  appear  to  be  involved 
here,  we  would  have  right  there  a  means  of  measuring  the  efiS* 
ciency  of  the  lamp.  Having  found  an  expression  for  the  law 
whicli  connects  the  density  of  the  carbon  with  the  temperature  or 
with  the  resistance  in  some  way,  we  shall  have  made  some  step 
toward  the  finding  of  a  practiced  method  of  gauging  the  efli- 
ciency  of  incandescent  lamps.  As  I  understand  it,  Prof.  Nichols 
states  that  the  ideal  method  would  be  one  which  would  be  based 
on  the  radiation  of  the  energy  from  the  filament  of  the  incandes- 
cent lamp  itself,  and  if  that  were  the  case,  it  looks  to  me  as 
though  you  must  look  right  there  for  the  path  leading  to  the 
proper  solution. 

Dr.  Wheelehr  : — It  seems  to  me  that  the  most  important  meas- 
urements to  be  made  are  of  actually  existing  lights — ^not  ideal 
ones ;  and  for  that  reason  I  would  like  to  know  if  Prof.  Nichols 
thinks  that  the  sums  of  the  photometer  readings  of  a  light  in  dif- 
ferent parts  of  the  spectrum  represent  its  real  value. 

Prof.  Nichols  : — Mr.  President,  as  I  understand  it,  we  have  to 
multiply  the  photometer  reading  in  each  part  of  the  spectrum  by 
a  factor  which  itself  is  a  function  of  the  wave-length  and  which 
expresses  the  light-producing  power  of  that  particular  wave* 
length.  I  can,  perhaps,  illustrate  this  by  means  of  a  curve.  Sup- 
pose you  have  a  light  of  this  kind.  (Illustrating.)  That  is  the 
distribution  of  energy  in  the  spectrum  from  the  violet  to  the  red, 
and  you  take  the  sum  of  those  wave-lengths  right  down. 
The  integrated  value  of  this  energy,  that  is  the  area  enclosed  by 
this  curve,  is  the  quantity  which  I  speak  of  as  the  total  lum- 
inous energy  or  radiation ;  but  that  is  not  the  light-givingpower. 
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The  light-giving  power  varies  enormously  in  different  parts. 
Now,  the  product  of  the  ordinates  of  the  two  will  give  you  the 
total  light^iving  power  of  the  spectrum.  Out  of  the  red  we  get 
great  energy  and  little  light-giving  power  and  at  the  end  of  the 
spectrum  our  luminosity  ceases.  We  have  to  take,  in  the  case 
of  each  wave-length,  the  product  of  the  amount  of  energy  and  its 
luminosity  as  determined  by  one  of  the  methods  described ;  that 
is  the  power  which  that  particular  wavelength  has  in  enabling  us 
to  read  fine  print.  If  you  take  the  blue  light  and  yellow  light  in 
the  spectrum,  and  bring  them  to  the  same  brightness  so  that  to 
the  best  of  our  average  judgment  we  would  say  that  they  were 
equally  bright;  then  take  fine  print  and  put  it  in  the  yellow,  you 
can  read  it  there,  but  put  it  over  in  the  blue  and  you  cannot  read 
it.  In  other  words,  the  power  of  the  blue  to  enable  us  to  dis- 
tinguish print  is  less.  It  is  of  no  value,  practically,  for  that  pur- 
pose. The  rays  which  enable  us  to  distinguish  black  characters 
on  a  white  ground  are  located  in  that  half  of  the  spectrum  which 
lies  toward  the  red,  and  the  rest  might  as  well  be  thrown  away. 
In  almost  all  uses  of  the  electric  light  the  feature  which  Mr.  Upton 
spoke  about  comes  in,  namely,  that  indescribable  value,  that  quality 
which  brings  out  the  colors  in  the  art  galleries  and  in  our 
rooms.  That  lies  largely  in  the  violet,  so  that  I  think  the  value 
of  light  increases  with  its  incandescence  faster  than  its  luminosity 
does.  It  is  a  factor  which  must  be  determined  for  each  case 
according  to  the  purposes  for  which  you  intend  to  use  the  light. 

Db.  Moses  : — It  is  a  sad  thing  for  one  to  admit  that  we  have 
to  determine  all  these  questions  ultimately  by  an  imperfect  in- 
strument. The  eye  has  to  be  the  final  umpire  of  these  measure- 
ments, and  we  can  scarcely  consider  the  action  of  the  eye  as  an 
accurate  means  of  determining  this  question.  If  the  eye  is  used 
under  certain  circumstances  in  direct  light  we  find  that  it  under- 
goes ft  kind  of  paralysis ;  there  is  a  neutralization  of  light  u])on 
the  retina,  so  that  our  own  powers  of  observation  are  affected  by 
these  varying  conditions,  and  I  do  not  see  how  it  is  ever  to  be 
possible  for  us,  except  by  using  special  determinations  for  special 
purposes,  to  arrive  at  a  result.  I  have  many  a  time  seen  the  cob- 
blers in  Germany  sewing,  their  stitches  being  exactly  in  the  focus 
of  a  globe  of  water,  with  the  smallest  kind  of  a  farthing  dip  at 
the  other  side,  giving  a  concentration  of  light  at  the  very  point  at 
which  it  was  needed.  They  got  a  better  light  for  their  purpose 
than  had  they  been  working  in  the  full  glare  of  an  arc  light^(3^5le 
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have  to  consider  the  conditions,  and  it  is  there  we  have  ultimately 
to  determine  according  to  the  necessity  of  the  case. 

Mr.  Dobbib  : — I  would  like  to  ask  Prof.  Nichols  if  he  has 
thought  of  a  photographic  method  of  determining  this.  There 
are  three  points  in  the  spectrum  which  could  each  be  deternuned 
by  a  plate  specially  prepared  for  it.  For  instance,  a  dry  plate  can 
be  dyed  by  aniline  and  made  sensitive  to  one  particular  ray.  As 
the  question  of  lighting  is  a  commercial  question,  might  it  not  be 
a  practical  thing  to  determine  the  power  of  the  lamp  in  a  special 
part  of  the  spectrum  by  a  plate  and  give  it  that  value  and  state  in 
what  part  of  the  spectrum  its  value  was  given  for.  I  believe  that 
the  yellow  is  most  commonly  used,  but  for  photography  there 
would  of  course  be  a  call  for  the  shorter  wave  lengths  of  the 
blue  rays. 

Mr.  Birdsall: — I.  have  given  some  thought  at  different  times 
to  photographic  methods  of  measuring  light.  The  fact  that  I 
have  also  dabbled  in  photography  has  been  rather  discouraging. 
As  it  is  quite  well  known  that  ordinary  silver  salts  are  more  sen- 
sitive to  the  blue  and  violet  rays  than  to  others,  and  almost  un- 
affected by  the  dark  red  raye,  that  would  seem  to  give  us  a  means 
of  measuring  the  most  desirable  raye  for  colors,  namely,  the  violet  • 
rays ;  but  it  is  also  a  fact  that  right  good  photographs  have  been 
taken  in  almost  absolute  darkness  to  ordinary  eyes.  In  other 
words,  the  violet  rays  past  the  visible  end  of  the  spectum  have 
the  power  to  affect  the  sensitive  plate,  and  in  that  way  in  Grer- 
many  photographs  have  been  taken  at  night ;  that  is,  at  night 
when  Uiere  was  no  starlight  of  any  kind,  it  being  fairly  cloudy,  in 
which  the  conditions  were  those  of  almost  absolute  darkness. 
Speaking  about  the  varying  density  of  carbon  and  the  great  vari- 
ety of  effects  you  can  get  from  apparently  uniform  treatment  and 
conditions,  all  photographers  know  that  gelatine  has  the  same 
elegant  property;  with  the  same  treatment  you  can  get  quite 
varying  results  within  100  per  cent. 

Mr.  Mailloux: — I  would  differ  with  Dr.  Moses  as  to  the  eye 
being  made  the  ultimate  arbiter  of  the  efficiency  of  the  incan- 
descent lamp,  and  I  believe  that  it  will  be  found  possible  to  meas- 
ure the  energy  of  the  incandescent  light  by  other  means.  I  have 
great  faith  in  the  calorimeter,  and  I  believe  strongly  in  the  method 
which  was  outlined  this  evening  by  Prof.  Nichols.  I  do  not  see 
that  there  are  any  physical  impossibilities  lying  in  the  way  of  our 
arriving  at  such  a  method  by  which  we  can  differentiate  the  var- 
ious kinds  of  light,  and  get  the  sum  of  the  different  kinds  and  iind 
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out  the  law  connecting  them  together.  Having  done  this,  tlien 
it  occurs  to  me  that  we  could  express  the  efficiency  with  refer- 
ence to  the  properties  for  which  the  light  is  to  be  used  and  that 
we  could  have  a  sort  of  modvlvsj  as  it  were,  by  means  of  which 
the  varying  conditions  of  the  use  of  the  lamps  would  be  taken 
into  consideration  in  estimating  their  particular  efficiency. 

A  Member  : — ^It  strikes  me  that  what  we  want  to  get  at  is  a 
practical  method  of  determining  the  value  of  a  lamp  for  every  day 
use.  "We  can't  use  fine  methods.  It  amounts  mathematically  to 
trying  to  fix  a  curve  with  one  point  while  we  want  to  know  three 
points  of  that  curve  at  least.  If  we  have  some  practical  method 
of  determining  the  three  points  of  that  curve  instead  of  one,  the 
matter  would  be  solved  for  all  practical  purposes.  Suppose  we 
select  the  line  in  the  spectrum.  That  is,  practically,  what  is 
selected  now.  When  we  use  the  candle  the  other  two  ends  of  the 
spectrum  are  allowed  to  go  up  or  down  just  as  they  please.  Per- 
haps by  some  method  the  two  ends  of  the  illuminating  power 
might  be  fixed.  For  instance,  in  determining  the  illuminating 
power,  instead  of  selecting  a  white  glass,  select  two  others  and 
give  the  candle-power  through  three  instead  of  one. 

Dr.  Wheeler  : — I  do  not  think  that  I  made  my  question  quite 
clear.  I  would  like  to  try  it  again.  In  measuring  the  power  of 
the  light  I  understand,  of  course,  there  are  three  sets  of  rays,  one 
of  heat  and  one  of  light  and  one  actinic,  and  to  know  how  much 
illumination  the  source  gives,  we  do  not  care  anything  about  the 
first  or  the  third,  what  we  want  to  measure  is  the  second  set. 
Now  you  get  the  value  of  say  the  yellow  part.  Then,  if  you  run 
the  incandescence  of  that  lamp  up,  may  you  not  get  a  less  pro- 
portion of  yellow  and  a  larger  proportion  in  some  other  parts  of 
the  spectrum,  so  that  while  the  yellow  would  read  lower,  yet  the 
total  amount  of  illumination  would  perhaps  be  the  same  ? 

Prof.  Nichols  : — ^I  think  one  of  the  slides  which  I  showed  an- 
swers the  question — that  one  deduced  from  the  experiments  of 
Schumann,  in  which  it  is  found  that  as  the  incandescence  increases 
this  curve  simply  rises^H)ne  curve  over  another  in  this  way  (illus- 
trating),  bat  not  strictly  so  that  the  line  passing  through  the  tops 
is  a  vertical  line.  There  is  a  continual  tendency  for  the  line  to 
work  off  this  way,  and  if  you  were  to  carry  it  on  to  a  degree  of 
incandescence  equal  to  that  of  the  sun,  you  would  then  find  the 
effect  just  described,  that  is  to  say,  these  curves  would  lie  side  by 
side;  but,  of  course,  the  range  of  intensity  with  which  we  deal 
with  artificial  lights  is  very  much  less  than  between  the  sun  and 
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any  artiflcial  lights.  Now,  the  difference  of  wave  length  between 
these  maxima  has  been  determined ;  in  the  sun  it  is  582,  and  in 
this  case  (indicating)  it  is  only  shifted  to  592,  so  that  for  the  rays 
of  incandescence  which  we  have  to  deal  with  in  artificial  light, 
you  may  say  that  the  whole  thing  rises  together. 

The  Ch axeman  : — It  is  long  past  our  usual  hour  for  adjourn- 
ment, but  I  think  we  have  very  far  from  exhausted  the  subject. 
It  is  in  fact  impossible  to  begin  to  exhaust  such  a  subject  in  an 
evening's  discussion,  even  so  full  and  able  a  discussion  as  we  have 
had.  I  think  we  appreciate  our  own  ignorance  in  dealing  with 
such  a  question.  It  is  remarkable  how  far  in  advance  our  own 
speculations  and  ideas  of  the  subject  are,  of  the  ideas  which  are 
ordinarily  entertained  by  the  public,  and  while  listening  to  the 
discussion  this  evening  as  to  candle-power,  I  was  reminded  of  an 
incident  that  occurred  last  week  in  Bristol,  Pennsylvania,  where 
one  of  the  large  drug  stores  of  the  town  was  illuminated  by  candles 
at  the  time  of  the  starting  of  the  incandescent  lamps.  The  drug- 
gist  had  heard  that  the  incandescent  lamps  were  of  16  candles, 
and  in  order  to  show  how  poor  and  insignificant  the  nsw  illum- 
inant  was,  he  decorated  the  whole  of  his  window  with  16  candles. 
The  result  of  the  illumination  was  not  as  great  a  success  as  he  an- 
ticipated, and  he  was  overwhelmed  with  offers  of  the  loan  of  snuf- 
fers on  all  sides-  Although  the  incandescent  lamp  compared  f  o 
favorably  with  the  candles  that  were  shown  by  the  Bristol  drug- 
gist, I  think  we  have  before  us  a  great  deal  to  do  with  the  im- 
proving and  perfection  of  our  arc  and  incandescent  lamps  in  order 
to  secure  a  greater  efliciency  and  in  order  to  be  less  wasteful. 
The  lines  of  one  of  England's  great  poets  occur  to  me  in  that 
connection.  You  may  remember  them ;  they  are  those  in  which 
Tennyson  says: 

**  Our  little  systems  have  their  day, 
They  have  their  day  and  cease  to  be, 
They  are  but  broken  lights  of  Thee, 
And  Thou,  O  Lord,  art  more  than  they." 

And  when  we  can  get  our  own  broken  lights  somewhat  nearer 
the  perfection  of  daylight  we  shall  have  done  some  of  the  work 
which  awaits  us.  Of  course,  Tennyson,  in  speaking  of  "  Our  little 
systems"  having  their  day,  did  not  have  in  mind  the  systems 
which  we  see  in  such  rapid  process  of  consolidation  with  other 
larger  systems.  (Laughter.)  At  the  same  time  I  think  lie  hinted 
at'a  very  great  and  singular  truth. 

Adjourned.  digitized  by  dOOgle 
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SOME  RESULTS  WITH  SECONDARY  BATTERIES  IN 
TRAIN  LIGHTING. 


BY  ALEXANDER  8.  BBOWK. 


The  argnments  in  favor  of  the  incandescent  electric  light  for 
railway  passenger  trains  are  so  well  understood  by  the  members 
of  the  Institute,  from  their  own  general  knowledge  of  the  sub- 
ject, as  well  as  from  papers  previously  presented,  that  it  is  un- 
necessary for  me  to  allude  to  its  admitted  superiority  over  either 
gas,  oil  or  candles.  It  is  now  four  years  since  the  Pennsylvania 
Railroad  Company,  appreciating  the  advantages  of  electric  light- 
ing for  this  purpose,  began  a  series  of  experiments  with  the 
secondary  battery,  for  the  illumination  of  parlor  cars. 

I  am  unable  to  give  the  cost  of  lighting  by  any  of  the  batteries 
referred  to,  as  the  expense  appears  to  have  been  a  secondary  con- 
sideration compared  with  the  necessity  of  securing  the  best  system 
of  illumination. 

The  first  experiments  made  by  the  company  were  with  the 
Faure  accumulator,  which  was  brought  to  this  country  from 
France  in  the  spring  or  early  in  the  summer  of  1882,  and  put  on 
passenger  coach  No.  397  in  August  of  that  year.  The  car  was 
run  for  a  few  days  only,  but  enough  was  learned  in  that  time  to 
show  that  the  lighting  of  cars  by  secondary  batteries  was  per 
fectly  practicable,  when  a  modified  form  of  the  battery  conld  be 
obtained. 

During  the  summer  of  1884,  experiments  with  the  Biush 
storage  batteries  were  commenced  at  the  Altoona  shops  of  tlie 
Pennsylvania  Railroad,  and  continued  through  the  fall  and  winter 
of  that  year.  These  experiments  were  made  by  Dr.  Dudley,  and 
proved  so  successful  that  eight  parlor  cars  which  were  being  con- 
structed at  that  time  were  equipped  for  incandescent  lighting, 
and  put  into  regular  service  on  the  1st  of  April,  1885. 
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The  Brush  cells  used  consisted  of  three  plates  each,  two  nega- 
tive and  one  positive,  the  amount  of  surface  of  the  positive  plate 
being  equal  to  that  of  both  the  negatives.  These  plates  differed 
from  those  now  used,  there  being  no  paste  in  their  composition. 
The  negative  plate  shows  the  form  of  construction,  and  was 
designed  to  give  the  greatest  possible  amount  of  surface  from 


NBOATIVB  PLATE,  BRUSH  CELL. 

the  least  weight  of    material.     The  positive  plate  measured 
8x9x1  inches,  and  the  negative,  8  X  9  X  i  inches. 

These  batteries  were  rated  at  seventy  ampere-hours,  but  the 
hard  usage  they  received  soon  reduced  their  capacity,  and  at  the 
end  of  a  year's  time  the  positive  plates  were  almost  entirely  de- 
stroyed.    In  fact,  I  have  taken  plates  out  of  the  cells  which  had 
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holes  in  them  fully  four  inches  in  diameter,  while  the  deposit  in 
the  bottom  of  the  cell  would  be  from  an  inch  to  an  inch  and  a 
half  in  depth.  The  plates  also  had  a  decided  tendency  both  to 
buckle  and  grow,  and  in  a  number  of*  cases  it  was  a  very  difficult 
matter  to  remove  the  plates  without  injury  to  the  cell ;  you  will 
understand,  of  course,  that  I  allude  more  particularly  to  the 
positive  plate.  The  weak  points  in  the  Brush  battery  were  the 
small  number  of  ampere-hours  per  pound  of  material — about 
two,  I  believe.  There  was  a  tendency  to  buckle  and  sulphate, 
and  the  arrangement  for  connecting  the  plates  was  such  that 
there  was  oxidation  at  the  jimction,  causing  the  plates  to  break 
when  subject  to  the  motion  of  the  car.  This  last  feature  was  a 
source  of  endless  trouble  to  us,  and  as  is  usually  the  ca^^e,  was 
sure  to  happen  at  a  time  or  place  where  it  was  impossible  to  re- 
pair the  break.  While  using  the  Brush  battery  the  cars  were 
wired  with  the  battery  boxes,  one  on  each  side  of  the  car,  coupled 
together  in  series,  each  box  holding  three  trays,  and  each  tray 
containing  four  cells,  this  giving  a  total  of  twenty-four  cells  to  a 
car,  or  a  current  of  forty-eight  volts.  The  lamps  used  originally 
were  of  the  Brush-Swan  type,  with  small  platinum  loops  pro- 
jecting from  the  base,  these  hooking  into  a  socket  and  held  in 
place  by  a  spiral  spring,  this  socket  fitting  into  another  one,  to 
which  the  connections  to  the  wires  were  made. 

After  using  this  style  for  some  time  an  improved  pattern  of 
Bmsh-Swan  lamp  was  substituted;  but  the  great  drawback  to 
this  lamp  was  its  frailty,  the  breakage  per  day  often  averaging 
four  per  cent,  of  the  total  number  of  lamps  in  use  on  the  cars. 
These  lamps  required  about  forty-five  volts  and  one  ampere  of 
cuiTcnt,  and  each  car  contained  ten  lamps,  seven  in  the  body, 
one  in  the  smoking-room  and  one  in  each  vestibule,  thus  using 
about  ten  amperes  of  current ;  and  as  the  batteries  were  rated  at 
seventy  ampere  hours,  we  should  have  obtained  from  six  and 
one-half  tp  seven  hours'  good  light,  but  it  was  very  seldom,  after 
the  batteries  had  been  used  for  a  short  time,  that  we  could  get 
over  five  and  one-half  hours'.  As  will  readily  be  seen,  this  could 
hardly  be  called  economical,  for  to  obtain  five  or  six  hours'  light 
we  were  obliged  to  charge  from  fifteen  to  twenty  hours  with  a 
Brush  arc  light  dynamo  giving  a  current  of  about  ten  amperes. 
Then  taking  the  weight  into  consideration,  each  time  the  car 
needed  charging,  the  trays,  six  in  number  and  weighing  1,200 
pounds,  had  to  be  loaded  on  the  truck,  pulled  over  to  one  side  of 
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the  car,  and  the  discharged  trays  taken  out  and  the  freshly 
charged  ones  pat  in  their  place.  The  remaining  three  were 
then  taken  around  to  the  other  side  of  the  car  and  changed  in 
the  same  manner.  As  the  cars  invariably  stood  on  a  double 
track,  it  was  necessary  to  carry  half  the  trays  for  some  distance, 
over  tracks,  etc.  Then,  again,  the  tracks  were  usually  full  of 
cars,  and  if  there  was  not  sufficient  time  for  them  to  be  parted 
the  batteries  had  either  to  be  carried  under  the  car  or  over  the 
platform.  Under  the  present  system  this  has  been  done  away 
with  to  a  great  extent,  as  will  be  explained  subsequently.  Dur- 
ing the  month  of  December,  1886,  we  commenced  using  one 
battery  of  the  7  B  type,  manufactured  by  the  Electrical  Accu- 
mulator Company.  This  battery  was  a  decided  improvement 
over  those  previously  used,  giving,  as  it  did,  nearly  double  the 
number  of  ampere-hours  for  the  same  weight  of  material.  After 
using  this  battery  for  about  a  year,  the  positive  plates  began  to 
give  way,  and  new  ones  were  substituted,  the  negatives,  however, 
being  retained,  as  th&y  had  not  deteriorated.  la  fact,  we  are 
still  using  the  negative  plates  of  our  original  7  B  battery.  This 
battery  proved  to  be  so  satisfactory  that  in  June,  1887,  we  added 
two  more  of  the  same  type  and  two  manufactured  by  the  Julien 
Electric  Company.  The  latter  batteries  were  similar  in  size  and 
shape  to  the  7  B  type  of  the  Accumulator  Company,  but  did  not 
seem  to  stand  the  hard  usage  so  well,  as  they  would  crack  instead 
of  buckling  and  allow  a  large  quantity  of  the  paste  to  become 
loosened  and  fall  out.  It  is  proper  to  state,  however,  that  tliese 
plates  were  made  especially  for  us,  to  fit  the  cells  we  were  using, 
and  were  not  of  the  regular  Julien  type.  This,  no  doubt,  will 
account  in  a  great  measure  for  their  failure  to  keep  up  to  the 
standard  of  the  present  type  of  Julien  batteries.  After  the 
positive  plates  of  this  battery  became  worthless,  and  not  having 
any  others  to  put  in  their  place,  we  decided  to  make  a  kind  of 
consolidated  affair,  and  see  how  Julien  negative  and  Accumulator 
positive  plates  would  work  together.  The  result  was  extremely 
satisfactory,  and  we  have  had  no  trouble  with  them  whatever, 
excepting  the  occasional  buckling  of  a  positive  plate. 

During  the  fall  of  1887  we  began  substituting  the  Accumulator 
batteries  for  the  Brush  batteries,  and  by  the  end  of  the  year 
were  using  them  altogether,  with  the  exception  of  the  two  Julien 
I  have  mentioned.  We,  however,  kept  ninety-six  of  our  best 
Brush  cells,  to  be  used  in  case  of  an  accident  to  the  incandescent 
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dynamos,  which  are  used  to  supply  the  current  for  the  railroad 
telegraph  as  well  as  for  lighting  the  passenger  station. 

After  the  change  in  batteries  had  been  made,  it  was  thought 
best  to  change  the  system  of  wiring  the  cars,  so  that  instead  of 
its  being  necessary  to  put  batteries  on  each  side  of  the  car,  we 
need  only  put  them  on  one  side  and  get  the  same  amount  of 
light.  This  was  done  by  connecting  the  two  boxes  under  the 
car  in  parallel,  and  substituting  23-yolt  Edison  lamps  for  our  46- 
yolt  Bnish-Swan  lamps.  After  doing  this  we  found  that  we 
were  able  to  get  as  many  hours'  light  from  twelve  cells  as  we 
formerly  did  from  twenty-four.  Of  course  this  change  reduced 
the  expense  of  lighting  the  cars  considerably,  for  where  we 
formerly  had  a  change  of  battery  for  each  car,  or  forty-eight 
cells,  we  now  needed  only  twenty-four  cells  per  car,  with  a  few 
extra  ones  to  be  used  in  case  the  twelve  cells  would  be  unable  to 
supply  sufficient  light  for  a  long  trip.  This  system  of  lighting 
proved  so  successful  that  it  was  decided  to  substitute  it  for  gas 
in  the  remaining  seven  parlor  cars.  The  wiring  of  these  cars 
was  commenced  at  the  Meadow  shops,  near  Jersey  City,  last 
September,  and  has  just  been  completed.  These  cars  are  ar- 
ranged for  the  23  C  type  of  the  Accumulator  Company's  battery 
and  19  B  type  of  the  Julien  battery.  The  battery  boxes  under 
the  cars  are  larger  than  the  old  style,  and  contain  four  trays  or 
sixteen  cells,  the  lamps  we  used  taking  twenty-three  volts  of 
current.  Changes  were  also  made  the  first  of  the  year  in  the 
system  of  charging,  and  the  batteries  are  now  charged  from  an 
incandescent  dynamo  instead  of  an  arc,  thus  enabling  the  batteries 
to  be  charged  with  any  amount  of  current  desired.  In  connection 
with  this  description  of  the  four  years'  work  of  the  Pennsylvania 
Bailroad,  I  would  like  to  add  something  in  regard  to  the  electric 
lighting  of  the  Chicago  limited  express. 

In  1887  the  Pullman  Palace  Car  Company  commenced  using 
the  electric  light  on  one  of  three  trains  of  the  New  York  and 
Chicago  limited  express,  and  the  charging  of  the  batteries  at 
Jersey  City  was  given  into  the  hands  of  the  Pennsylvania  Rail- 
road Company.  The  batteries  used  were  the  7  B  type  of  the 
Electrical  Accumulator  Company,  thirty  cells  to  a  car,  and 
usually  there  are  six  cars  in  the  train.  These  batteries  would 
f nmi^  enough  light  for  one  trip,  and  each  time  the  train  arrived 
at  either  terminus  it  was  necessary  to  replace  them  with  freshly 
charged  cells.    This  was  not  objectionable  at  Chicago,  for  the 
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train  arrived  there  in  the  morning,  so  that  they  could  be  charged 
during  the  day;  but  in  Jersey  City,  where  the  train  did  not  ar- 
rive until  evening,  the  work  was  very  difficult  on  account  of  the 
dynamo  being  in  use  for  other  purposes.  After  this  one  train 
had  been  running  a  short  time,  another  one  was  fitted  up,  19  B 
type  of  Julien  battery  being  used.  It  was  thought  that  this  would 
give  us  a  chance  to  see  which  was  the  better  of  the  two  batteries, 
but  they  both  worked  very  well,  considering  the  treatment  they 
received.  After  Mr.  Bauer  became  connected  with  the  Pullman 
Company  he  did  away  with  charging  the  batteries  at  the  ends  of 
the  line,  and  introduced  a  Brotherhood  engine  and  Eickemeyer 
dynamo  in  the  baggage  car  of  each  train,  in  order  that  the 
batteries  might  be  charged  in  transit.  When  the  train  leaves 
Jersey  City  the  baggage  car  is  on  the  rear,  and  consequently  no 
charging  is  done  until  it  leaves  Philadelphia,  where  the  train  is 
reversed,  bringing  the  baggage  car  next  to  the  locomotive.  The 
batteries  are  charged  continuously  until  the  train  reaches  Chicago, 
and  the  same  practice  is  continued  on  the  return  trip.  The  steam 
for  driving  the  Brotherhood  engine  is  taken  from  the  locomotive 
boiler,  and  the  exhaust  is  used  for  heating  the  train. 

So  far  as  the  Pennsylvania  Railroad  is  concerned,  the  electric 
lighting  of  passenger  trains  may  be  considered  an  assured  success, 
and  leading,  as  it  does,  to  the  abolition  of  kerosene  lamps,  and 
incidentally  encouraging  the  adoption  of  steam  heating,  the 
safety  and  comfort  of  the  passengers  are  certainly  increased. 


DISCUSSION. 


Mb.  Geo.  B.  Pbesoott,  Jr.  : — I  think  Mr.  Brown's  paper  is 
very  interesting,  and  I  am  sure  the  Pennsylvania  Railroad  Com- 
pany deserves  a  great  deal  of  credit  for  making  the  experiments. 
I  think  that  these  tests  have  demonstrated  one  thing  very 
positively,  and  that  is,  that  an  accumulator  made  entirely  on  the 
Plants  principle,  without  active  material  applied  according  to 
the  Faure  method,  is  an  impracticable  battery  for  commercial 
purposes.  The  improvement  in  storage  batteries  of  late  years, 
and  particularly  in  the  past  year,  has  been  very  great,  and  the 
practical  use  of  batteries  shows  that  unless  they  are  handled  as  if 
they  were  a  delicate  piece  of  machinery  they  will  never  give 
very  satisfactory  results.  Wherever  accumulators  have  been 
properly  installed  and  have  been  treated  as  if  they  were  worthy 
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of  being  properly  cared  for,  they  have  been  very  reliable,  and 
they  certainly  fulfil  certain  conditions  that  no  other  electrical 
machinery  does  to-day« 

The  improvements  in  the  use  of  electrical  accumulators  are 
not  confined  to  the  cells  themselves.  No  matter  how  good  an 
accumulator  may  be,  if  it  is  not  properly  installed  with  suitable 
app«ratuB  for  regulating  both  the  charge  and  discharge,  it  will 
never  give  satisfactory  results.  If  the  accumulator  is  over- 
chained,  the  paste  is  perozidixed  to  such  a  high  degree  that  it 
beoomes  a  very  fine  powder,  without  sufficient  consistency  to 
hold  together,  and  it  gradually  deposits  in  the  bottom  of  the  jar. 
That  comes  from  overcharging,  and  yet  it  was  only  a  year  ago 
that  it  was  thought  that  overcharging  improved  accumulators. 
We  know  now  also  that  if  the  cells  are  allowed  to  overdischarge 
they  become  very  heavily  sulphated,  and  the  longer  they  stand 
in  a  disehai^ed  state  the  more  dense  this  sulphate  becomes,  and 
then,  if  the  charging  is  commenced  at  what  would  otherwise  be 
the  normal  rate,  the  gas  seems  to  be  developed  within  the  inter- 
stices of  the  pellets,  and  as  the  sulphate  is  not  in  a  condition  to 
take  up  the  oxygen  it  is  liberated,  and  the  result  is  that  these 
pellets  are  forced  right  off  the  perforations  in  chunks,  so  to  speak. 
If,  however,  the  cells  are  charged  and  discharged  within  certain 
limits,  which  can  be  determined  for  every  size  of  cell,  and  if  any 
short  circuits  that  may  occur  through  accident  or  other  cause  are 
removed  at  once,  the  accumulator,  to-day,  is  a  perfectly  reliable 
piece  of  apparatus. 

Mr.  C.  O.  Mailloux: — I  would  like  to  ask  Mr.  Brown 
whether  the  charging  of  accumulators  at  either  terminus  of 
the  road  has  been  definitely  abandoned  in  favor  of  the  system 
of  charging  on  the  train.  I  ask  this  question  because  I  know 
that  on  some  roads  there  is  a  very  great  and  decided  objection  to 
deriving  the  enei^  for  charging  the  batteries  from  the  loco- 
motive ;  that  is  particularly  the  case  with  the  Boston  and  Albany 
Railroad.  I  once  had  occasion  to  discuss  the  matter  with  the 
President  of  the  Company,  and  he  would  not  entertain  at  all  any 
project  for  charging  the  batteries  on  the  road,  for  the  reason,  he 
said,  that  they  needed  all  the  energy,  whether  they  used  it  in  the 
form  of  steam  or  derived  it  from  the  axle — ^they  needed  it  all  for 
propelling  the  train  itself,  their  object  being  to  make  the  shortest 
time. 

I  would  like  to  ask  another  question  about  the  latest  moditica- 
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tions.  Mr.  Brown  said  that  a  smaller  battery  wonld  do  the  work. 
I  do  not  exactly  understand  this,  unless  he  used  lamps  of  higher 
efBciency,  giving  the  same  candle  power  with  a  smaller  expendi- 
ture of  energy.  I  would  like  to  have  him  elucidate  that  matter 
for  us. 

Mr.  Alex.  S.  Brown  : — ^Mr.  President,  in  regard  to  the  charg- 
ing of  batteries  on  a  car  or  at  the  terminus,  you  will  understand 
that  the  Pennsylvania  Railroad  still  charge  at  Jersey  City.  It 
was  the  Pullman  Company  1  alluded  to ;  they  have  done  away 
altogether  with  the  charging  at  either  terminus,  with  the  excep- 
tion of  keeping  a  few  spare  cells  both  at  Jersey  City  and  Chicago, 
so  that  in  case  the  train  arrives  in  Jersey  City  in  the  evening,  and 
anything  is  the  matter  with  the'  cells,  or  the  trays,  we  simply 
have  a  good  tray  ready  to  put  in  its  place. 

In  regard  to  the  lamps.  I  spoke  of  using  a  battery  with  a  less 
number  of  cells.  When  we  were  using  24  cells  of  the  accumu- 
lator battery  we  would  get  about  14  or  15  hours'  light,  using  the 
Brush-Swan  lamps  of  45  volts.  When  we  changed  and  com- 
menced using  23  or  24  volt  lamps  and  12  cells  we  got  about  7 
hours'  light.  You  see  it  was  really  about  the  same  thing,  but  we 
found  it  was  easier  to  change  the  cars  a  little  bit  oftener  and  use 
a  less  number  of  trays,  and  at  the  same  time  we  had  to  keep  a 
less  number  of  cells  on  hand  in  the  battery-room.  We  found  it 
more  economical  in  both  ways  to  work  in  that  manner. 

Mr.  Wm.  H.  Peiroe  :  I  would  like  to  ask  the  weight  of  those 
cells  per  lamp,  and  if  there  have  ever  been  any  experiments 
tending  to  show  the  quantity  of  steam  used. 

Mr.  Brown  :  I  really  cannot  say  very  much  about  the  Pullman 
work,  because  I  am  not  connected  with  that  in  any  way  now.  I 
do  not  know  just  how  much  steam  they  require.  But  in  regard 
to  the  other  matter — the  lamps  —I  supposed  it  to  be  a  16-candle 
power  lamp ;  that  is  what  they  are  held  up  to.  Of  course  they 
may  fall  off  a  little,  but  when  the  battery  is  properly  charged, 
they  seem  to  hold  right  up.  We  have  no  method  of  testing  in 
Jersey  City,  but  that  is  what  they  are  rated  at.  The  weight  of  a 
cell  is  about  50  pounds. 

Mr.  Peircb  : — That  feeds  how  many  lamps  ? 

Mr.  Brown  : — We  use  10  lamps  on  a  car.  The  weight  of 
battery  on  a  car  is  600  pounds ;  we  use  12  cells. 

Mr.  Prbscott  : — ^Mr.  Mailloux  referred  to  the  objection  that 
he  had  heard  made  by  some  railroad  company  to  making  use  of 
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steam  for  driving  the  djnamo.  I  think  that  objection  is  not 
very  well  founded.  We  all  know  that  the  nse  of  steam  for 
heating  cars  is  being  universally  adopted,  and  some  steam  conld 
be  used  for  driving  a  small  engine  to  run  the  dynamo  and  the 
exhaust  used  for  heating  the  car.  On  the  other  hand,  the 
amount  of  steam  required  to  drive  the  small  engine  is  such  an 
almost  infinitesimal  part  of  the  total  amount  of  steam  generated 
in  a  locomotive  boiler  that  it  hardly  need  be  taken  into  account. 

Prof.  Edward  L.  Nichols  : — I  should  like  to  inquire  of  the 
author  of  this  paper  whether  he  can  tell  us  anything  about  the 
average  life  of  accumulator  cells  used  in  railway  service  as  com- 
pared with  the  life  of  the  same  type  of  cells  doing  the  same 
amount  of  work  when  stationary.  I  have  had  this  question  asked 
me  many  times  and  have  looked  in  vain  for  definite  information 
concerning  it. 

Mr.  Brown  : — I  am  sorry  that  I  cannot  answer  that  question, 
because  I  have  never  ha4  any  experience  with  stationary  cells. 
My  experience  has  been  confined  entirely  to  railroad  cells.  We 
calculate  our  positive  plates  will  last  about  a  year.  They  are  in 
use  almost  all  the  time.  Of  course  they  have  a  great  deal  more 
usage  than  the  stationary  cells,  although  I  do  not  think  that  the 
motion  of  the  train  does  them  any  harm  at  all.  We  do  not  find 
that  the  batteries  splash  any.  Of  course  there  is  some  little 
motion,  but  being  in  the  center  of  cars  about  65  feet  in  length, 
the  motion  there  is  very  little,  so  I  do  not  think  that  does  any 
harm. 

The  Prssidrnt  (Prof.  Elihu  Thomson): — Mr.  Yansize  can 
probably  give  us  some  information  on  the  point  just  raised. 

Mr.  W.  B.  Vansizb: — As  to  the  President's  suggestion,  I 
would  say  that  the  details  under  consideration  come  more  within 
the  line  of  practical  every  day  contact  with  the  work,  with  which 
I  have  had  very  little  experience.  I  have  heard  it  suggested, 
however,  that  there  might  be  some  advantage  in  the  motion  on  a 
railroad  car,  because  the  agitation  of  the  liquid  would  make  a 
more  even  dispersion ;  that  is,  the  specific  gravity  would  be  more 
equal  at  all  points  of  the  cell,  and  while  there  might  be  some 
detrimental  results  from  the  shaking  to  which  the  material  was 
subjected,  the  difficulty  in  that  direction  would  be  perhaps  more 
than  made  up  by  the  uniformity  of  the  electrolyte.  I  do  not 
know  that  any  tests  have  ever  beien  made  to  determine  this 
question. 
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Prof.  Nichols  asked  the  relative  duration  of  a  cell  whose  life 
was  spent  upon  a  car  as  compared  with  that  used  in  stationary 
work.  I  do  not  know  that  it  has  been  determined;  but  the 
general  opinion  is,  so  far  as  my  experience  goes,  that  the  railway 
cell  has  a  somewhat  abbreviate  life.  The  varied  attention  which 
the  two  classes  of  cells  receive  would  also  determine  that  result 
to  a  certain  extent.  A  cell  in  use  on  a  railroad  train  would 
naturally  receive  a  little  more  careful  attention  than  a  stationary 
cell,  unless  a  system  of  inspection  was  in  use  in  connection  with 
the  latter. 

Mb.  Mailloux  : — I  may  be  able  to  give  some  information  in 
that  direction  by  reference  to  the  experience  on  street  car  lines. 
The  storage  battery  is  never  put  to  a  more  crucial  test  tlian  it 
undergoes  upon  a  street  car.  My  own  experience  and  observation 
lead  me  to  believe  that  a  battery  submitted  to  the  same  rates  of 
charge  and  discharge  would  last  longer  on  a  car  than  in  stationary 
places.  I  have  seen  the  same  battery  when  used  in  stationary  work 
and  when  in  use  on  street  cars  and  also  in  railroad  cars.  In  street 
cars  the  work  was  always  necessarily  much  more  severe.  There 
were  times  when  the  battery  might  have  to  withstand  a  current 
rate  of  from  50  to  100  amperes ;  while  in  stationary  work  the 
same  battery  would  never  have  a  current  rate  exceeding  perhaps 
25  to  35  amperes ;  and  yet,  even  under  those  very  trying  condi- 
tions, I  have  known  of  batteries,  the  positive  plates  of  which  were 
still  quite  good  after  fifteen  months'  use — almost  daily  use.  For  a 
long  time  the  plates  were  used  daily  at  least  once,  and  sometimes 
charged  twice  a  day,  and  yet  after  fifteen  months'  use  the  active 
matter  was  not  suflSciently  gone ;  in  other  wx>rds,  the  plates  (of 
course  I  refer  to  the  positive  plates,  because  the  negatives  were 
nearly  as  good  as  ever)  were  still  perfect  enough  to  do  good  work, 
and  tlni^  would  show  that  ihere  must  be  something  in  the  vibrar 
tiun  or  the  shaking  of  the  cells  which  counterbalances  somewhat 
the  hard  usage  which  it  receives  in  the  way  of  excessive  rates  of 
either  cliarge  or  discharge.  The  particular  battery  which  1  refw 
to  wa8  once  discharged  on  short  circuit  while  on  the  road  by  the 
bursting  of  an  armature.  One  of  the  cars  was  going  down  the 
eteep  grade  in  the  upper  part  of  Madison  Avenue  and  the  man 
thought  it  would  be  splendid  fun  to  coast  down  hill.  I  suppose 
he  must  liave  developed  a  speed  of  20  miles  or  more,  and  one  of 
tlie  aruiature  bands  ruptured,  and  being  only  a  street  car  man  he 
tiidnQt  seem  to  think  that  that  made  much  difference — perhaps 
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he  did  not  notice  it.  When  he  got  to  the  bottom  of  the  grade 
he  very  innocently  turned  the  switch  to  put  on  the  current.  The 
car  did  not  seem  to  move  very  fast,  and  he  was  made  conscious 
that  something  had  happened  by  the  conductor  telling  him  that 
something  was  smoking.  The  trap  door  was  removed,  and  he 
found  that  one  of  the  motors  seemed  to  be  burned  up.  So  the 
car  was  brought  back.  It  was  an  experimental  car,  and  upon  in- 
vestigation I  found  that  the  current  rate  of  dischai^  had  been 
8u$cient  to  bum  up  one  of  the  connecting  strips  by  which  the 
circuit  was  closed  from  cell  to  cell.  In  other  words,  one  of  these 
strips  had  acted  as  a  fusible  plug,  and  from  its  area  of  section  I 
concluded  that  the  current  rate  must  have  exceeded  300  or  400 
amperes.  I  also  found  that  the  field  wire,  which  was  4^  B.  &  S. 
gange  wire,  had  become  heated  sufficiently  to  char  the  insulation 
almost  the  whole  length,  so  I  concluded  that  it  must  have  had  a 
fair  rate  of  discharge.  I  naturally  thought  that  the  batteries 
would  be  ruined,  but  I  had  them  taken  out  and  cleaned,  and  to 
my  great  surprise  I  found  that  while  there  was  some  active 
matter  in  the  bottom  of  the  cells,  it  was  not  at  all,  in  quantity, 
what  I  expected.  In  fact,  it  was  so  little  that  I  did  not  know 
how  much  of  it  was  due  to  that  immediate  circumstance  and 
how  much  was  due  to  previous  wear  and  tear.  At  any  rate,  the 
batteries  were  put  into  the  same  car,  except  two  of  them,  which 
were  ruined  by  the  melted  lead  flowing  out  where  the  circuit 
was  broken  by  the  melting  out  of  the  safety  plug.  Shortly  after- 
wards the  same  battery  was  again  short-circuited  by  some  accident 
which  occurred  in  the  station  itself  while  making  connection  witli 
the  machinery.  It  was  short-circuited  in  such  a  way  that  only 
the  field  wire  of  one  of  the  motors  was  put  across  the  terminals, 
and  the  connection  seemed  to  be  better  this  time,  and  we  did  not 
know  of  it  until  we  heard  a  violent  hissing  noise.  I  jumped  on 
the  car — ^it  was  one  o'clock  at  night — ^and  struck  a  light,  and 
noticed  that  the  solution  was  boiling  in  several  of  the  cells ;  so  I 
very  quickly  opened  the  circuit  and  we  found  that  the  battery 
had  been  discharging  at  an  excessive  rate.  Again  I  thought  the 
cells  might  be  ruined,  but  I  had  them  washed  and  cleaned,  and 
they  did  a  good  deal  of  work  after  that.  This  goes  to  show  that 
in  the  first  place  storage  batteries  will  stand  a  much  higher  rate 
than  generally  supposed,  with  comparative  impunity,  and  it  cor- 
roborates perhaps  the  belief  which  I  have  that  when  once  the. 
active  matter  of  a  storage  battery  has  become  thoroughly  reoep 
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tive  by  a  proper  course  of  treatment  either  originally  in  the 
making  or  construction  of  the  battery  or  subsequently  in  the 
nursing  or  treatment  of  it,  that  you  can  do  with  it  a  great  deal 
that  would  ordinarily  be  considered  as  abuse. 

The  Pbesidbnt  : — As  we  have  another  paper  on  the  storage 
battery,  perhaps  it  would  be  well  to  have  the  paper  read  before 
continuing  this  discussion.  We  have  with  us  Dr.  Duncan  and 
he  will  give  us  a  paper  on  the  inherent  defects  of  lead  storage 
batteries — a  subject  which  cannot  fail  to  be  of  great  interest. 
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A  pa^er  read  before  ike  A  mtrxcan  Institute  9/  Electrical 
Engineers,  New  Yorky  May  m<^,  1889,  and  discussion 
thereon. 


THE  INHERENT  DEFECTS  OF  LEAD  SECONDARY 

BATTERIES. 


BY  DB.  LOtnS  DUNCAN  AND  H.  WIEG AND. 

Since  the  year  1881,  when  the  inrentions  of  Fanre  gave  such 
an  impetna  to  the  industrial  development  of  lead  secondary  bat- 
teries, their  commercial  history  has  been  marked  by  numerous 
and  disastrous  failures,  while  at  the  same  time  there  has  been  a 
steady  improvement  in  their  construction  and  performance  until 
at  present  they  have  reached  a  stage  which  makes  them  for  some 
purposes  a  commercial  success.  At  the  same  time  there  remain 
in  the  best  batteries  a  number  of  defects  which  prevent  their 
taking  the  place  in  the  practical  development  of  electricity  which 
rightfully  belongs  to  them.  The  action  of  the  secondary  battery 
is  quite  well  understood.  In  the  Faure  type  a  support  plate* 
usually  made  of  lead  or  an  alloy  of  lead,  has  mechanically  applied 
to  it  some  salt  of  lead  (minium  or  litharge).  A  number  of  such 
plates  are  placed  in  dilute  sulphuric  acid,  the  alternate  plates  being 
connected  respectively  to  the  +  an^d  —  poles  of  some  source  of 
electricity,  and  a  current  is  sent  between  them.  The  result  is  a 
reduction  on  the  positive  plates  (the  plates  through  which  the 
current  enters)  to  Pb.  O.,  on  the  negative  plate  to  spongy  lead. 
After  this  "formation"  the  action,  roughly  speaking,  consists  in 
a  reduction  of  both  peroxide  and  spongy  lead  to  sulphate  of  lead 
on  discharge,  while  on  charging  they  are  reduced  again  to  their 
original  composition.  We  find  that  in  the  process  of  charge  and 
discharge  there  is  a  loss  of  energy  varying  from  15  to  40  per  cent, 
within  the  practical  limits  of  discharge  rate.  If  we  calculate  the 
theoretical  storage  capacity  of  a  given  weight  of  lead  and  per- 
oxide, we  will  find  that  the  plates  of  even  the  best  modem  bat- 
teries weigh  for  the  same  capacity  ten  times  as  much  as  would 
those  of  a  theoretically  perfect  cell.   "We  will  find,  too,  that  there 
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is  a  constant  depreciation,  especially  of  the  peroxide  plates,  the 
rate  of  depreciation  increasing  with  the  rate  of  discharge,  and  in 
general  depending  partly  on  the  way  in  which  the  cell  is  treated, 
partly  on  its  construction.  The  principal  defects  of  the  modem 
lead  secondary  battery  are  (1)  the  comparatively  small  storage 
capacity,  (2)  the  loss  of  energy,  (3)  the  depreciation,  (4)  the  low 
discharge  rate  necessitated  by  considerations  of  efficiency  and 
depreciation. 

It  was  especially  the  question  of  the  loss  of  energy  in  the  bat- 
tery that  we  wished  first  to  investigate.  There  are  two  factors 
which  determine  the  extent  of  this  loss :  in  the  first  place,  the 
number  of  ampere-hours  obtained  on  the  discharge  of  the  cell  is 
less  than  the  number  put  in ;  and  in  the  second  place,  the  p.  d.  at 
the  terminals  is  greater  during  charge  than  during  discharge. 
This  loss  of  energy  exhibits  itself  in  two  ways — in  a  generation 
of  heat,  and  in  chemical  actions  which  are  not  reversed  on  dis- 
charge. It  is  well  known  that  after  a  cell  has  been  in  use  for 
some  time,  especially  if  it  be  submitted  to  rapid  charge  and  dis- 
charge, there  will  be  found  in  the  bottom  of  the  containing  ves- 
sel a  white,  powdery  deposit,  a  siQphate  of  lead  which  has  been 
formed  from  the  active  material  of  the  plates  and  which  has  not 
been  afterwards  reversed.  Again,  when  the  cell  is  charged  we 
find  bubbles  of  gas  escaping  from  the  plates  during  almost  the 
whole  of  the  charge,  the  escape  becoming  quite  violent  towards 
the  last.  The  escape  is  at  first  principally  from  the  positive 
plate,  but  afterward  it  is  from  both  plates.  This  escape  repre- 
sents, of  course,  a  loss  of  energy  due  to  the  electrolysis  of  the  di 
lute  acid  in  the  cell,  the  products  being  free  hydrogen  and 
oxygen. 

Ijct  us  consider  what  takes  place  during  the  charge  and  dis- 
charge of  a  cell.  Supposing  the  cell  to  have  been  discharged 
until  its  p.  D.  has  dropped  to  1.8  volts,  on  beginning  to  charge 
the  p.  D.  increases  until  it  reaches  a  value  of  about  2.1  volts — at  a 
normal  charge  rate, — then  increasing  very  slowly  during  a  con- 
siderable portion  of  the  charge,  then  increasing  faster  until  it 
reaches  a  value  of  from  2.4  to  2.5  volts,  when  the  cell  is  "boil- 
ing." The  chemical  action  results  principally  in  the  reduction  of 
the  sulphate  of  lead  on  the  two  plates  to  peroxide  and  spongy 
lead  respectively.  The  greater  the  charge  rate  the  higher  will  be 
the  p.  D.,  and.  the  sooner  will  the  cell  begin  to  boil,  and  the  greater 
will  be  the  loss. 
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On  discharge  the  p.  d.  drops  to  from  2  to  1.95  volts  for  normal 
discharge  rate,  where  it  remains  during  the  greater  part  of  the 
discharge,  there  being  a  gradual  fall  during  the  latter  part  to  1.8 
volts,  when  the  discharge  should  cease  If  a  high  discharge  rate 
be  employed,  there  is  a  decrease  in  the  capacity  and  efSciency, 
and  a  more  rapid  depreciation.  If  the  discharge  be  continued 
after  the  p.  d.  has  dropped  below  1.8  volts,  there  will  be  a  forma- 
tion of  white  sulphate  on  the  plates,  there  will  be  a  loss  of  energy, 
as  will  be  shown,  and  there  will  be  a  rapid  depreciation  of  the 
cell.  The  result  of  the  discharge  is  a  formation  of  sulphate  of 
lead  on  both  positive  and  negative  plates  If  we  test  the  spe- 
cific gravity  of  the  solution  at  different  times  we  will  find 
that  the  solution  has  a  maximum  strength — say  1.200 — when 
fully  charged,  with  a  minimum  on  discharge — say  1.150,7— the 
sulphating  of  the  lead  decreasing  the  strength  of  the  solution. 
The  number  of  ampere-hours  obtained  on  discharge  is  less  than 
the  number  put  in  by  an  amount  depending  on  the  construction 
of  the  cell  and  the  conditions  of  charge  and  discharge.  There  is 
a  further  apparent  loss  of  energy  in  the  fact  that  the  electro- 
motive force  on  discharge  is  less  than  that  during  charge. 

Our  first  experiment  was  made  to  determine,  if  possible, 
whether  part  of  this  difference  of  e.  m.  f.  was  not  due  to  the  fact 
that  the  strength  of  the  solution  in  the  plugs  varied,  it  being 
stronger  during  charge  than  during  discharge.  During  discharge 
the  sulphuric  acid  in  the  plugs  has  its  strength  decreased  by  the 
sulphating  of  the  lead  or  peroxide.  This  weakening  continues 
until  the  diffusion  pf  the  stronger  acid  in  the  cell  produces  a  con- 
dition of  equilibrium.  It  is  known  that  the  electromotive  force 
of  a  cell  varies  with  the  strength  of  the  solution,  being  higher  as 
the  strength  increases.  Gladstone  and  Tribe  have  found  that 
when  tie  acid  is  very  weak  the  chemical  action  is  changed,  the 
resiQt  on  a  positive  plate  of  sheet  lead  being  the  formation  of 
streaks  of  a  mixture  of  yellow  and  puce-colored  oxides,  while  on 
other  parts  a  white  substance  is  formed,  which  is  easily  detached, 
falling  in  clouds  into  the  liquid.  This  white  substance  is  prob- 
ably a  basic  sulphate  of  lead.  When  this  action  takes  place  the 
corrosion  of  the  plate  is  more  than  doubled.  So  if  the  diffusion 
in  the  plug  is  slow,  it  may  very  well  happen  that  there  will  be  a 
great  difference  of  density  during  charge  and  discharge,  causing 
a  difference  in  electromotive  force  and  a  formation  on  discharge 
of  chemical  compounds  which  are  not  afterwards  reduced.    A 
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rapid  discbarge  rate  would  tend  to  greatly  weaken  the  acid,  and 
therefore  to  decrease  the  efficiency  and  hasten  corrosion  of  the 
positive  plate. 

To  find  the  rate  of  diffusion  we  soaked  the  plates  or  single 
plugs  to  be  experimented  on  in  acid  of  a  specific  gravity  of  1.175, 
and  then  placed  them  in  vessels  of  distilled  water,  letting  them 
remain  for  different  intervals  of  time,  and  determining  the 
amount  of  acid  diffused  out  into  the  water.  To  give  some  idea 
of  the  magnitude  of  the  result,  I  select  the  following  figurea. 
from  a  number  of  experiments.  The  plates  used  weighed  about 
a  pound  and  a  half  (.7  kilos.),  and  were  of  the  grid  type : — 


POSITIVE  PLATE. 
CHARGED. 

Time  in  water.  Acid  diiTused. 

1  min.  .696  grms. 

5    "  1.41      " 

80    "  2.50      " 

KEOATIVB  PLATE. 
CHARGED. 
Time.  Acid  diffused. 

1  min.  .86  grms. 

5    "  1.48     " 

30    "  8.05     " 


DISCHARGED. 
Acid  diffused. 
.29  grms. 
.60    " 
1.48    " 


DISCHARGED. 
Acid  diffused. 

.817  grms. 

.700    " 
1.85      " 


The  curve  shown  in  Fig.  1,  gives  the  diffusion  from  a  charged 
positive  plate. 


2J 


I 


I  5  10  15  ao  »  90 

Tima  in  Miiratei 
Fl0.  I. 

The  total  amount  of  acid  in  the  charged  positive  plates  was 
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(25  gnns.  of  1.175)  about  5  grms. ;  so  it  will  be  seen  that  the  rate 
of  diffosion  of  the  acid  in  the  interior  of  the  plugs  is  slow,  for 
after  30  minutes,  when  half  of  the  acid  remains  in  the  plug,  the 
rate  of  diffusion  has  decreased  from  about  .7  grammes  for  the 
first  minute,  to  about  .025  grammes  per  minute.  Wliile  this  is 
hardly  the  condition  of  affairs  in  actual  practice  where  the  rate 
at  which  the  acid  is  being  added  or  abstracted  varies  in  different 
parts  of  the  plug,  yet  it  gives  us  some  idea  of  the  magnitude  of 
the  quantity.  It  should  be  noted  that  the  rate  of  diffusion  is 
materially  the  same  for  positive  and  negative  plates,  but  that  the 
rate  for  a  discharged  is  considerably  less  than  that  for  a  charged 
plate.  Keeping  these  facts  in  mind,  let  us  pass  to  the  phenomena 
of  charge  and  discharge. 

To  investigate  the  loss  of  energy  from  heating,  we  placed  the 
cell  to  be  experimented  on  in  a  wooden  box  lined  with  a  layer  of 
felt  about  an  inch  thick.  There  was  a  top  for  the  box,  also  lined 
with  felt,  and  through  it  passed  the  rod  of  a  stirring  paddle  and 
the  stem  of  a  thermometer.  Experiments  showed  that  the  loss 
of  temperature  in  this  arrangement  was,  for  a 

Difference  between  Degrees  loss  per 

air  and  box.  Degree  diff.  per  hour. 
7.2*  .12* 

6.1  .1 

4.2  .95 

In  the  experiments  we  tried  as  nearly  as  possible  to  keep  the 
air  and  cell  at  the  same  temperature,  and  the  correction  for 
radiation  could  usually  be  neglected.  The  cell  was  charged  and 
discharged  under  a  number  of  conditions,  and  the  rise  of  tem- 
perature and  other  data  were  observed.  The  losses  of  energy 
that  occur  must,  as  has  been  stated,  exhibit  themselves  in  heat  or 
in  chemical  changes  which  are  not  reversed.  The  cell  was  of  the 
grid  type,  with  4  positive  and  5  negative  plates.  The  weights 
were: — 

Total  weight 25  lbs.,  8  oz 

Weight  of  plates 17  "     8" 

'*  vessel lib..   3  " 

"       '*  solution 6  lbs.,  8  '* 

This  gives  a  neat  capacity  for  the  cell  such  that  the  energy 
lost  is  approximately  8.2  watt-hours  per  degree. 

The  cell  was  first  charged  at  5  amperes  until  over  150  ampere- 
hours  had  been  put  in ;  both  positive  and  negative  plates  were 
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boiling  freely.    The  discharge  was  at  a  rate  of  about  15  amperes. 
Some  of  the  particulars  of  the  discharge  are : — 


Ampere-houn 

Rate  of  rise  of  temp. 

Total  rise  of 

C*R. 

discharge. 

per  amp. -hour. 

temp. 

10 

.012 

. .  .•. 

20 

.01 

.... 

30 

.008 

.... 

40 

.016 

... 

60 

.08 

.... 

OOP.  D. 

falling.            .06 

2.08 

It  watts. 

70 

.12 

.•  .  • 

.... 

77 

.80 

8  75 

18  watts. 

aa< 


I" 


r 

/ 

J 

/ 

1 

t 

A 

.  "i 

/) 

DlMl 

U|«ll 

AAbin 

1 

3 

2 

1^ 

J 

.—•^ 

\ 

B       a 

0          9 

0^1 

0           0 

0          fl 

6  "■  1 

0          8 

0 

In  this  case  the  discharge  was  carried  far  beyond  the  limit  of 
economical  discharge.  It  will  be  seen  that  the  loss  is  greater  as 
the  discharge  continues,  increasing  slowly  until  the  £.  m.  f. 
begins  to  drop,  when  it  rises  very  rapidly. 

After  this  discharge  the  cell  was  charged  at  a  rate  of  10 
amperes. 


C*R. 


BATE 

OF  RI 

8E. 

Ampere-hours. 

Degrees. 

Total  rise. 

20 

.04 

.... 

40 

.04 

.... 

60 

.06 

i .  •  • 

80 

.08 

4.7 

100 

.106 

8.0 

120 

.20 

11.6 

12 


The  cell  thus  charged  was  discharged  at  a  rate  of  about  20 
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amperes.  The  rate  of  rise  of  temperature  was  very  much  as  in 
the  case  of  the  discharge  at  15  amperes.  The  total  rise,  with  the 
p.  D.  down  to  1.7  volts,  60  amperes  having  been  taken  out,  was 
1^.1 ;  on  further  discharge  down  to  .7  volts,  taking  about  20 
ampere-hours  niore  from  the  cell,  the  rise  was  4.1^.  This  again 
shows  that  the  loss  increases  as  the  p.  p.  falls. 

The  next  charge  was  at  20  amperes.  The  rate  of  rise  of  tem- 
perature is  given  by  the  curve.  Fig.  4.  The  total  rise  was  30.7"". 
The  rise  for  100  ampere-hours  was  11.5°.  The  corresponding 
values  of  C?  R.  were  34  watts  and  20  watts. 

The  effect  of  a  rest  is  shown  on  the  portion  of  the  curve  be- 
tween 105  and  120  amperes,  where  a  16-hour  rest  gives  a  con- 


Fig.  3. 

siderable  reduction  in  the  rate  of  temperature  increase.     The 
maximum  rate  is  about  .3  degrees  per  ampere-hour. 

The  cell  thus  charged  was  discharged  at  a  rate  of  30  amperes. 
The  discharge  was  divided  into  periods  of  20  minutes,  with 
periods  of  equal  length  between,  the  object  being  to  determine, 
if  possible,  whether  there  is  a  local  action  in  the  mass  of  the 
plug  due  to  the  different  chemical  conditions  of  the  different 
parts  of  the  plug,  which  would  especially  be  the  case  if  the 
charge  or  discharge  were  rapid.  As  in  the  previous  case  of  dis- 
charge, the  rise  of  temperature  was  slow,  there  being  a  gain  of 
but  1.3*^  for  a  discharge  of  40  ampere-hours,  the  heating  effect 
of  the  current  in  that  time  being  12  watts,  equivalent  to  almost 
4°.  For  the  first  three  periods  there  was  little,  if  any,  rise  dur- 
ing the  time  of  repose ;  for  the  fourth  period  there  was  a  rise  of 
about  .1^,  or  .3  watt  hours.  During  the  fifth  period  the  e.  m.  f. 
began  to  fall,  and  during  repose  after  it  the  temperature  rose 
.15^.  The  sixth  discharge  period  was  with  the  same  current, 
but  at  a  greatly  reduced  p.  d.  and  resistance.  It  lasted  12 
minutes ;  after  it  the  temperature  rose  .5°,  corresponding  to  1.5 
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watt  hours.  The  output  of  this  discharge  was  44  ampere-hoaiB 
at  a  normal  p.  d.;  11  at  a  low  p.  d.  The  total  rise  of  tempera- 
ture wajB  3.5^ ;  the  value  of  (?  R  was  16  watts. 

The  cell  was  then  charged  with  70  ampere-hours  at  30  am- 
peres, the  same  period  of  repose  being  allowed.  There  was  a 
definite  rise  amounting  on  the  average  to  about  .2^;  after  the 
first  period  the  rise  was  but  .1°,  the  others  slightly  over  .2.  The 
details  of  the  charge  were : — 


I 

I' 


10a080«>9000708U90  100  UOUO  ISO  110190 100  110 
AmiMtro  Iloort 
Fig.  4. 


The  details  of  the  discharge  at  30  were  :- 


Ampere-hours.  Rise. 

10  .14 

35  .52 

85  1.02 

46  1.62 

54  p.  D.  feU.  2.62 


Rate. 
.014 
.082 
.04 
.06 
l.l 


C'R 
3.2 
7.7 
10.7 
18.7 
16.5 


The  rise  during  the  periods  of  rest  for  this  discharge  was  at 
first  small,  but  afterwards  something  over  .2°. 

Tlie  next  charge  was  at  a  rate  of  40  amperes.  The  following 
are  the  figures : — 


Ampere-hours. 

Rise  of  temp 

20 

1.5 

42 

8.9 

68 

8.0 

80 

18.2 

97 

18.65 

Rest. 

106 

21.35 

Rate. 
.076 
.11 
.20 
.8 


.80 


C'R. 

8. 
15. 


84 


86.75 


The  rise  during  periods  of  repose  was  .1®  for  the  first  period, 
.7®  for  the  second,  and  decreased  as  the  charge  increased  until  it 
reached  a  value  of  about  .2^. 
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The  discharge  corresponding  to  this  charge  was  also  at  40  am- 
peres, and  was  divided  into  periods  as  before. 


re-houn. 

Temp. 

Rate. 

C* 

14 

.46 

.088 

6. 

28 

1.16 

.06 

11. 

42 

2.24 

.077 

17. 

Whether  the  rise  in  temperature  during  the  periods  of  rest  is 
due  to  the  heat  of  the  plates  being  diffused  into  the  liquid,  or  is 
due  to  a  local  action  in  the  plugs  is  difficult  to  determine.  If  it 
were  due  to  local  action  we  would  expect  a  greater  rise  daring 
the  first  periods  of  the  charging  experiments,  and  this  is  what  we 
find.  If  it  were  due  simply  to  diffusion  of  heat,  we  should  have 
approximately  the  same  effect  at  corresponding  periods  of  charge 
and  discharge,  the  rates  being  the  same,  but  we  see  that  it  is 
greater  during  some  of  the  charge  than  during  corresponding 
discharge  periods,  and  it  is  not  uniform  even  during  charge  and 
discharge,  it  being  sometimes  greater  when  the  resistance  of  the 
cell  is  less.  Some  of  the  rise  is  undoubtedly  due  to  the  diffusion 
of  heat  from  the  plates,  but  it  seems  certain  that  a  part  of  the 
effect  is  due  to  the  local  action. 

Our  next  experiments  were  with  negative  and  positive  plates 
which  were  in  different  conditions  of  charge  and  discharge.  At 
first  a  cell  was  made  up  of  fully  charged  negative  plates,  with 
positives  from  which  45  ampere-hours  had  been  taken,  and  it  was 
discharged  in  the  calorimeter  at  10  amperes. 


(re-hours. 

lUw. 

Rate. 

C'R. 

4.2 

.W 

.012* 

.5 

17.5 

.20 

.011 

1.8 

Best. 

85.8 

.45 

.009 

8.6 

49.1 

.85 

.08 

4.0 

66.1  p.  D.  feU. 

8.06 

.18 

6.0 

I^ext  a  cell  with  fully  charged  positives  and  negatives  from 
which  47.5  ampere-hours  had  been  taken,  was  discharged  at  a  rate 
of  5  amperes. 


Ampere-houn. 

Rise. 

Rate. 

C'R. 

10. 

— .1^ 

—.OP 

.6 

15.5 

—.15 

—.01 

.75 

20.5 

—.20 

-.01 

1.00 

23. 

—.20 

—.00 

1.1 

29. 

—.20 

-.00 

1.4 

84. 

-.20 

1.65 

89. 

—  17 

+.008 

1.9 
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Ampere-hours. 

Rise. 

41.5 

+.05 

Rest. 

47  5 

+.28 

49.5  P.  D. 

fell.     +.50 

Cell  shortKjircuited, 

for  very  small  current. 

1  hour. 

+     .80 

6  hours. 

+  8.00 

11  hours. 

+  5.2 

22  hours. 

+  11.2 

28  houra. 

+  11.8 

Rate.  C  R. 

+.08  2.05 

+.04  2.45 

+.11  2.55 


After  this  exhaustive  discharge  the  cell  was  charged  at  five 
amperes,  attempts  at  discharge  being  made  at  intervals.  At  first 
the  p.  D.  fell  at  once  on  closing  the  discharge  circuit,  but  after 
about  16  ampere-hours  had  been  put  in,  a  discharge  of  five  am- 
peres for  eight  minutes  was  obtained.  The  temperature,  which 
had  been  rising  quite  fast,  began  to  rise  slowly  at  this  point,  the 
rates  being  given  by  the  curve. 

The  cell  boiled  with  a  charge  of  117  ampere-hours,  when  the 
total  rise  of  temperature  was  96°,  C  R  =  7  watts.  For  a  charge 
of  160  ampere-hours  the  rise  was  17.3°  with  C?  R  —  9  watts. 

Another  discharge  of  a  negative  cell  which  had  58  ampere- 
hours  taken  out  gave : — 


Ampere  hours. 

Rise. 

Rate. 

C*R 

9 

Qo 

0^ 

.5 

22.2 

.80 

.019 

2.0 

81.0  P.  D.  fell. 

.81 

.020 

2.5 

84.2 

.90 

.09 

2.7 

This  gave  the  total  capacity  of  the  negative  plates  at  a  dis- 
charge rate  of  five  amperes  as  about  90  ampere-hours ;  the  pre- 
vious experiment  gave  98.  The  capacity  of  the  positive  plates 
was  94  ampere-hours.  It  was  noticed  in  these  experiments  that 
when  a  partly  run-down  negative  was  used,  the  fall  of  potential 
after  a  value  of  1.5  volts  was  reached,  was  very  rapid.  From 
1.3  to  .5  volts  took  less  than  a  minute,  while  in  another  minut-e 
the  value  had  reached  .25  volts,  and  it  was  soon  only  a  few 
hundredths  of  a  volt.  With  the  discharged  positive,  on  the  con- 
trary, the  fall  was  slow.  After  a  value  of  1.35  was  reached,  the 
fall  in  a  half-hour  was  only  to  1.04  volts,  and  in  four  hours  it 
was  .66  volts.  After  several  hours  short  circuit,  when  the  value 
had  reached  a  few  hundredths,  the  circuit  was  broken.  In  five 
liours  the  value  was  1.65,  and  the  next  day  it  was  2.02  volts. 
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With  some  plates  made  by  depositing  thin  layers  of  spongy  lead 
and  peroxide  on  lead  support  plates,  the  effect  was  still  more 
marked.  Here  the  p.  d.  of  a  negative  plate  fell  from  a  value 
of  1.8  to  .05  in  ten  seconds ;  while  with  the  positive  the  fall  was 
gradual. 

Now  let  us  see  what  our  experiments,  as  far  as  we  have  carried 
them  out,  show.  In  tRe  first  place  the  loss  that  exhibits  itself  in 
heating  increases  as  the  charge  or  discharge  goes  on,  not  being 
very  great  in  the  latter  operation  until  the  p.  d.  has  begun  to 
fall.  The  loss  is  greater  during  charge  than  during  discharge. 
For  instance,  take  a  discharge  at  15  amperes,  the  p.  d.  begins 
to  fall  when  60  ampere-hours  have  been  taken  out.  The  total 
rise  in  temperature  is  2.03  d^rees,  while  the  rise  due  to  the 
heating  of  the  current  alone,  (C?  R)  should  be  3.4".  In  other 
words,  there  has  been  an  absolute  lowering  of  the  temperature 
by  all  the  other  actions  outside  of  the  Joule  effect.    Taking  a 


10  »   so  40  50  60  TO  80  90  100  no  190  380 140  UO 100  170 
Ampere  noon    * 
Fif.  6. 

charge  at  10  amperes,  the  rise  for  a  charge  of  100  ampere-hours 
was  8.9°,  with  a  loss  due  to  the  Joule  effect  corresponding  to  3°, 
a  difference  of  5.9°.  The  difference  in  the  losses  for  charge  and 
discharge — neglecting  C  R — is  about  5.8®.  For  a  charge  of  120 
ampere-hours,  the  rise  was  11.15"\ 

We  will 'find  the  same  results  in  all  of  the  other  records,  there 
being  sometimes  an  absolute  fall  of  temperature  on  discharge. 
This  is  without'dpubt  due  to  the  fact  that  the  acid  is  strengthened 
on  charge,  weakened  on  discharge.  In  changing  from  a  specific 
gravity  of  1.14  to  1.18,  the  evolution  of  heat  is  such  as  to  raise 
the  temperature  of  the  solution  about  3.2 ;  there  will  be  a  corres- 
ponding cooling  effect  on  discharge. 

To  the  above  charge,  at  10  amperes  there  was  a  'discharge  at 
2)  amperes,  which  gave  a  total  of  84  ampere-hours,  of  which  60 
were  at  normal  p.  d.  ;  the  rise  for  normal  p.  d.  was  2° ;  the 
total  rise  was  4.7^.  (?  R  =  12.1  watt-hours  for  the  60  ampere- 
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hours  at  normal  p.  d.,  correaponding  to  3  8^ ;  the  total  value  of 
C*  B  for  the  84  ampere-hourB  was  15.1,  correspondiDg  to  4.7^. 
The  total  heat  loss  in  the  process  of  charge  and  discharge  was 
11.5  +  4.7  —  16.2'',  or  about  51  watts.  The  total  loss  obtained 
from  taking  the  difierence  between  charge  and  discharge  en- 
ergies, calculated  from  the  ampere-hours  and  potential  difference, 
was  98  watts,  more  than  half  of  which  appeared  as  heat.  Of  the 
51  watts  which  appeared  as  heat,  27  were  due  to  the  Joule  effect, 
'24  to  other  causes.  We  believe  that  part  of  this  loss — ^a  very 
small  part — is  due  to  local  action  between  the  positive  material 
and  the  support  plate.  Another  part  is  dae  to  local  currents  in 
the  plugs  themselves.  When  the  plate  is  charging  or  discharg- 
ing, the  distribution  of  current  in  the  plug  is  not  uniform,  but 
it  is-  denser  at  the  surface  than  in  the  interior.  After  a  while 
the  plug  is  not  uniform  in  its  chemical  composition,  and  there 
are  doubtless  eddy  currents  in  such  a  way  as  to  tend  to  bring  the 
plug  to  uniformity  of  chemical  condition.  These  will  be  more 
important  as  the  current  rate  increases.  The  last  part  of  the 
charge  of  the  cell  consists  largely  in  the  electrolysis  of  the  dilute 
acid  with  a  liberation  of  oxygen  and  hydrogen.  It  is  known 
that  heat  is  generated  in  this  process,  the  amount  depending  on 
the  density  of  the  acid  and  the  nature  of  the  electrodes.  M. 
Gramme  in  some  experiments  on  the  electrolysis  of  water,  only 
utilized  50  per  cent,  of  the  energy  expended  in  producing 
electrolysis,  the  remainder  being  lost.  In  our  own  case,  when 
the  charge  has  reached  such  a  point  that  the  reduction  of  the 
plates  is  complete,  and  the  principal  action  is  the  electrolysis  of 
the  solution  into  free  hydrogen  and  oxygen ;  if  the  total  p.  d. 
is  2.5  volts,  and  if  the  energy  of  combination  of  oxygen  and 
hydrogen  corresponds  to  about  1.5  volts,  we  may  expect  of  the 
energy  of  2.5  watt  hours,  corresponding  to  a  charge  of  1  ampere- 
hour,  1  watt-hour  to  appear  as  heat.  Jf  we  look  at  the  tables, 
we  will  see  that  the  rate  of  rise  of  temperature  for  overcharge 
is  in  the  neighborhood  of  .8^  per  hour  per  ampere,  and  this 
corresponds  to  about  1  watt,  as  we  would  expect.  As  this  action 
(shown  by  the  evolution  of  gas  from  the  plates)  continues  through 
the  whole  of  charge  and  part  of  the  discharge  (doubtless  due  to 
local  action  in  the  latter  case) ;  we  will  always  have  same  corres- 
ponding rise  of  temperature,  although  it  will  not  reach  its  full 
value  until  the  cell  is  boiling. 

The  rise  of  temperature  then,  is  due  to : 
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(1.)  The  Joule  effect,  27  out  of  51  in  this  case. 

(2.)  Currents  caused  by  local  action  between  active  material 
and  support. 

(3 )  Currents  caused  by  local  action  in  plage. 

(4.)  Heat  losses  corresponding  to  electrolysis  of  solution  into 
free  oxygen  and  hydrogen. 

The  last  three  probably  account  for  the  remaining  24  watts. 

But  there  are  47  watts  left  unaccounted  for,  which  must  be  due 
to  chemical  changes  not  reversed.  The  most  important  of  these, 
as^far  as  loss  of  energy  is  concerned^  is  doubtless  the  formation 
of  free  hydrogen  and  oxygen.  Another  component  of  the  47 
watts  is  due  to  the  local  action  between  the  plugs  and  support. 
But  we  believe  the  most  important,  as  far  as  deUrwroition  is  con- 
C3med,  is  in  the  formation  of  irreversible  compounds  caused  by 
^he  weakening  of  the  acid  in  the  plugs.  We  have  found  that 
the  rate  of  diffusion  in  the  plug  is  comparatively  slow,  so  that 
during  a  rapid  discliarge  there  must  be  weak  acid  in  the  plug. 
Where  the  outer  layer  of  active  material  is  reduced,  the  inner 
layer  is  surrounded  by  weak  acid,  causing  a  lowering  of  the 
E.  M.  F.  and  corrosion,  as  described  by  Gladstone  and  Tribe,  with 
a  considerable  local  action  between  the  outer  and  inner  layers. 
As  the  rate  of  diffusion  is  less  with  a  partly  discharged  than  with 
a  charged  plate,  a  heavy  discharge  rate  has  a  more  marked  effect 
with  a  partly  discharged  than  with  a  fresh  cell,  as  experience  has 
shown. 

These  are,  we  believe,  tlie  principal  sources  of  loss  in  a  lead 
secondary  battery,  and  the  depreciation  can  be  mainly  charged 
to  them.  The  expansion  and  contraction  of  the  plugs  in  a  grid 
plate  is  another  source  of  trouble,  and  cannot  be  avoided.  Our 
own  experience  has  been  that  the  losses  are  less  with  plane  plates, 
coated  with  thin  layers  of  active  material,  than  with  plates  made 
of  the  grid  form.  Under  any  circumstances,  an  increase  of  sur- 
face for  a  given  current  rate  is  to  be  desired,  as  it  lengthens  the 
time  of  charge  before  the  violent  boiling  occurs.  A  plane  plate 
gives  a  uniform  distribution  of  current,  and,  therefore,  very  little 
local  action. 


DISCUSSION. 

The  Pbesident  : — I  am  sure  we  have  all  listened  with  great 
attention  to  Dr.  Duncan's  paper,  as  it  brings  forth  a  number  of 
points  which  I  do  not  think  have  been  given  the  prominence 
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which  they  deserve,  in  relation  to  the  storage  battery,  particularly 
the  point  of  the  existence  of  eddy  currents  due  to  the  difference 
of  chemical  conditions  of  different  parts  of  the  plug;  it  also 
fixes  the  losses  just  where  we  would  naturally  expect  to  find 
them.  There  is  one  point  I  might  simply  ask  information  on. 
I  understood  the  Doctor  to  say  that  there  was  a  continual  and 
rather  large  loss  after  the  charging  was  completed. 

Dr.  Louis  Duncan  : — Not  after  the  charge  is  completed  and 
the  current  shut  off,  but  when  the  action  is  simply  the  electroly- 
sis of  the  solution. 

The  Peksident  : — I  wish  to  offer  one  more  remark — that  pos- 
sibly part  of  the  loss  may  come  in  the  recombination  of  the 
ozonized  oxygen  with  the  free  hydrogen,  producing  heat  in  the 
solution  itself. 

The  paper  is  open  to  discussion  and  we  should  be  pleased  to 
hear  from  any  members  on  any  of  the  points  touched  upon. 

Pbof.  E  p.  Bobsbtb  : — I  would  ask  if  it  was  a  constant  rate 
of  charge,  or  if  the  charge  gradually  tapered  off  as  the  battery 
tilled.  I  was  not  quite  sure  when  Dr.  Duncan  spoke  of  plates 
that  merely  had  a  face  action  instead  of  plugs,  whether  they 
heated  comparatively  more  or  less  than  when  there  was  plug 
action. 

The  President: — I  understand  the  inquiry  to  be  whether 
there  was  more  or  less  energy  in  the  flat  plate  with  the  coating 
of  active  material  laid  over  it  than  when  the  plugs  were  used  ?  Is 
that  it  ? 

Prof.  K'»berts: — Yes,  sir. 

Dr.  Duncan: — ^Well,  the  discharge  and  charge  rates  were 
always  the  same.  As  for  the  flat  plates,  I  experlmentsd  on  soms 
plates  which  were  made  by  depositing  low  and  pure  oxide  on  piano 
sheets  of  lead  from  a  caustic  solution  of  litharge.  In  that  case 
with  a  very  thin  layer,  about  a  quarter  of  an  ounce  to  the  square 
foot  of  spongy  lead  and  a  corresponding  amount  of  peroxide,  the 
efficiency  of  the  cell  at  a  discharge  rate  which  corresponded  to 
that  of  the  Julien  cell,  25  amperes  for  a  surface  of  about  7  feet, 
I  think,  was  about  90  per  cent.  But,  of  course,  in  that  case  the 
proportion  of  active  material  to  total  weight  was  very  great. 
There  was  only  a  very  thin  layer  and  the  distribution  of  chemical 
action  was  uniform  and  there  was  comparatively  very  little  loss. 
A  part  of  that  could  be  accounted  for  by  the  electrolysis  of 
water. 
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As  for  the  heating  effect  due  to  the  electrolysis,  I  think  Prof. 
Thomson's  suggestion  is  a  very  good  one,  but  we  did  not  attempt 
to  find  out  what  that  heating  effect  was  due  to.  It  ought  to  be 
in  about  the  same  proportion,  if  the  electromotive  force  is  2^ 
volts,  then  for  one  ampere  hour  the  loss  is  2J  watt  hours.  If  the 
electrolysis  itself  takes  up  1\  of  the  2.i  volts,  then  the  other  ac- 
tions, whatever  they  might  be,  should  give  a  loss  of  1  watt  hour. 
I  simply  put  that  1^  down  to  loss  from  heating  effect.  But  it  is 
probably  due  to  the  cause  that  Prof.  Thomson  gave. 

Peof.  Eoberts:—!  asked  that  because  of  an  impression  I  got 
from  some  experiments,  though  I  did  not  make  enough  of  them 
to  be  sure  it  was  the  fact.  I  also  happened  to  think  of  the  prac- 
tical bearing  of  the  fact  of  the  electromotive  force  rising  after 
a  few  moments  of  rest.  I  happened  at  one  time  to  have  some 
storage  batteries  in  my  hands  and  the  lights  would  get  very  bad 
at  night,  and  the  next  morning  it  was  a  very  nice  thing,  when 
the  customer  complained,  to  turn  the  light  on  and  say,  "  See, 
the  lights  are  all  right  and  up  to  full  candle  power." 

Mr.  Townsend  Wolcott  : — I  understand  Dr.  Duncan  to  say 
that  the  chemical  action  of  the  plug  begins  at  the  surface  of  the 
plate. 

Db.  Duncan  : — I  think  it  does,  yes. 

Mr.  WoLcorr: — As  far  as  my  experience  goes,  if  you  take  the 
ordinary  form  of  plug,  (Fig.  6.)  the  grid  is  so  much  better  a 


Fig.  6. 

conductor  than  the  active  material  that  the  latter  starts  to  form 
right  around  the  edge,  and  the  last  place  that  it  is  formed  is 
right  there  in  the  middle.  The  thing  is  to  get  that  middle 
formed  up  as  good  as  the  other  part.  I  think  that  is  where  a 
good  deal  of  loss  comes  in. 

Dr.  Duncan: — That  probably  is  where  that  action  does  take  place. 

The  President  : — On  the  point  just  mentioned  it  would,  of 
course,  appear  that  that  plug  is  not  as  good  a  conductor  as  it 
ought  to  be.  If  it  were  a  very  good  conductor,  then  we 
would  have  it  even  up  at  once,  even  though  it  might  not  take 
place  froin  actual  conduction  of  the  current  to  the  plue;^    ^^^\^ 
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Mb.  Woloott: — ^That  emphasizes  the  point  that  Dr.  Duncan 
mentioned  about  a  very  thin  film  uniformly  spread  on  a  flat 
plate — that  the  action  is  equal  all  over.  Of  course,  the  current 
would  come  right  straight  out.     There  would  be  no  spots. 

Mb.  Maillouz: — ^There  is  one  point  regarding  the  rate  at 
which  batteries  charge  and  discharge,  which  1  think  has  a  great 
deal  of  influence  on  the  efl&ciency,  and  it  also  has  some  interest 
industrially.  In  order  to  get  the  most  of  a  storage  battery  we 
want  to  charge  it  at  such  a  rate  that  we  should  get  the  maximum 
efficiency,  so  as  to  lose  as  little  energy  as  possible  in  electrolysis. 
On  the  other  hand,  the  circumstances  of  its  use  dictate  that  the 
time  expended  in  charging  the  battery  should  be  as  small  as  pos- 
sible. Now,  I  think  that  it  is  possible  to  satisfy  both  require- 
ments, because  I  have  found  by  experience  that  a  battery  will 
stand  during  the  first  period  of  charge  a  very  high  rate  without 
evolution  of  gas,  and,  if  watched,  it  is  possible  to  charge  the  bat- 
tery in  the  minimum  time,  and  also,  probably,  with  as  good  effi- 
ciency as  in  any  bther  way,  by  always  keeping  the  current  at 
such  a  rate,  that  it  will  be  just  below  the  point  where  it  causes 
evolution  of  gas.  I  have  in  this  way  made  it  a  practice  to  begin 
charging  batteries  whose  normal  rate  of  charge  would  be  say  15 
amperes  with  as  high  current  as  50  amperes,  which  could  be  kept 
up  for  an  hour  or  two.  Then,  perhaps,  30  for  another  hour ; 
then  20,  then  10,  then  5,  and  sometimes  I  would  finish  with  as 
low  as  3  amperes.  Now,  in  that  way  the  battery  was  never 
allowed  to  evolve  gas,  and  I  think  that  that  is  the  best  way  in 
which  to  treat  the  battery,  for  the  simple  reason  that  it  gives  the 
energy  as  fast  as  the  receptive  matter  can  receive  it.  In  charg- 
ing, the  surface  probably  becomes  oxidized  first,  and  the  inside 
may  become  oxidized  by  a  kind  of  electrolytic  conduction  in  the 
plug  itself,  and  you  must  give  it  time  for  the  actions  to  take 
place,  and  by  pursuing  such  a  method  you  allow  the  necessary 
time,  and  do  not  evolve  the  gases.  The  condition  which  Mr. 
Prescott  has  called  to  our  attention  is  a  well  known  one — ^namely, 
the  continued  evolution  of  oxygen  on  a  peroxide  plate,  after  the 
battery  is  charged,  disintegrates  the  active  matter  and  makes  the 
peroxide  into  a  fine  granulated  form,  which  is  not  coherent,  so 
that  it  is  very  undesirable  to  prolong  the  evolution  of  gas.  On 
the  other  hand  it  is  desirable  to  charge  the  battery  fully.  There 
is  no  way  of  doing  it  satisfactorily  but  by  reducing  the  rate  of 
charge  towards  the  close  of  the  charge. 
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Mb.  Presoott: — I  would  like  to  ask  Dr.  Duncan  if  he  took 
into  account  the  difference  in  the  internal  resistance  of  the  cells 
owing  to  the  different  state  of  charge  or  discharge  in  order  to 
calculate  the  dual  effect,  and  whether  he  took  a  mean  of  a  few 
extreme  readings  or  whether  it  was  determined  at  uniform  in- 
tervals. 

Dr.  Duncan  : — It  was  determined  every  five  or  six  minutes 
and  the  effect  was  calculated  at  corresponding  times.  The  re- 
sistance for  full  discharge  was  sometimes  five  times  as  great  as  it 
was  for  full  charge. 

Prof.  Nichols  : — I  wish  to  emphasize  what  seems  to  me  the 
importance  of  the  point  brought  out  by  Mr.  Mailloux  a  moment 
ago,  and  the  importance  of  the  experiment  Dr.  Duncan  has  de- 
scribed. It  seems  to  me  that  this  is  the  only  way  in  which  this 
great  number  of  perplexing  questions  that  have  arisen  can  be 
satisfactorily  answered,  and  I  think  the  sort  of  experiments  de- 
scribed in  this  paper,  made  patiently  and  persistently,  will  finally 
give  us  complete  control  of  this  matter.  This  question  of  time 
is,  of  course,  a  very  important  one  in  the  matter  of  charging.  It 
would  seem  perfectly  practicable  to  determine  a  rate  to  give  the 
proper  charge  in  the  minimum  time,  never  at  any  time  giving  it 
more  than  it  can  safely  take,  so  as  to  complete  the  charge  in  the 
smallest  possible  interval.  However,  I  think  that  this  has  more 
to  do  with  the  economic  question  of  the  time  of  charging  than  it 
has  to  do  with  the  efficiency,  and  I  think  so,  because  in  some 
recent  tests  which  we  have  been  making,  they  were  really 
practice  tests,  but  they  brought  out  this  point  very  nicely; 
the  battery  was  charged  first  with  uniform  current  throughout, 
at  a  rate  not  such  as  to  produce  marked  evolution,  then  dis- 
charged and  its  efficiency  determined.  The  same  battery  was  then 
charged  with  a  tapering  current,  starting  off  with  a  large  amount 
•and  making  the  average  current  for  the  whole  time  of  charging 
the  same  as  before.  The  efficiency  was  found  to  be  within  one 
per  cent,  of  what  it  was  before.^  Finally  the  same  battery  was 
taken  again  and  charged  intermittently  with  uniform  current 
and  then  breaking  and  allowing  it  to  stand  for  half  an  hour,  the 
impression  being  that  there  might  be  a  reversible  reaction  which 
would  take  place  if  the  battery  had  an  opportunity  to  readjust 
itself  between  these  charging  periods.  The  battery  was  brought 
to  the  same  condition  and  again  discharged  continuously,  and  all 
three  of  these  efficiencies  came  out  within  one  or  two  per  cent,  of 
each  other. 
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Mb.  Francis  B.  Ceockeb  : — I  would  like  to  ask  Dr.  Duncan  if 
the  loss  of  energy  by  the  evolution  of  gas  could  not  easily  be  de- 
termined by  collecting  it.  lie  refers  to  it  as  an  unknown  factor 
in  the  loss  of  energy.  It  seems  to  me  the  number  of  unknown 
factors  could  be  reduced  by  determining  the  amount  of  energj- 
the  gases  represent.  The  point  which  the  President  brought  out 
in  regard  to  the  recombination  of  the  oxygen  and  hydrogen 
would  be  eliminated  also,  because  the  gases  collected  would 
represent  the  actual  loss  of  energy  from  the  evolution,  whereas 
the  recombination  would  be  heat,  added  to  that  produced  in  the 
battery.  It  seems  as  if  one  of  the  rather  numerous  factors  of  loss 
could  be  fixed  in  that  way. 

Dr.  Dcncan  : — I  think  I  was  misunderstood  if  it  was  supposed 
that  I  said  that  the  loss  due  to  electrolysis  of  the  solution  was  not 
a  definite  quantity.  When  you  electrolyze  a  solution  of  sulphuric 
acid  you  get  a  definite  amount  of  oxygen  and  hydrogen.  That 
has  been  done  by  Gladstone  and  Tribe,  and  they  find  that  it  is  a 
definite  amount.  But  accompanying  that  is  another  loss. 
Gramme  found  that  in  electrolyzing  dilute  acid,  the  efficiency 
of  the  process  was  not  much  more  than  60  per  cent,  under  the 
most  favorable  conditions.  It  is  not  the  loss  due  to  electrolysis 
that  is  at  all  questionable.  There  is  a  heating  which  goes  on  en- 
tirely independent  of  the  0^  R  effect,  and  what  that  heating  is,  I 
don't  know.  Probably  what  Prof.  Thomson  suggests  will  account 
for  some  of  it.  I  do  not  think  it  would  accbunt  for  all,  because 
most  of  the  calculated  amount  of  gas  was  collected  by  Gladstone 
and  Tribe  in  their  experiments. 

Mr.  Mailloux  : — I  think  that  in  considering  the  work  lost  in 
electrolysis  we  must  allow  for  the  amount  of  heat  which  must  be 
abstracted  from  the  surrounding  medium  by  the  expansion  of  the 
gas.  We  must  remember  that  as  it  is  evolved  into  a  gaseous 
form  it  expands,  and  in  doing  so  it  would  neceasarily  absorb 
energy  from  surrounding  substances,  and  as  this  energy  must  be 
provided  by  the  circuit  itself,  it  would  probably  react  on  the 
circuit  in  such  a  way  as  to  cause  either  an  increase  of  resistance 
or  of  counter-electromotive  force.  There  are  only  two  ways  in 
which  energy  can  be  abstracted  from  the  circuit,  just  as  in  the 
case  of  a  transformer  or  dynamo ;  either  by  inductive  i-esistance, 
in  the  form  of  counter-electromotive  force  or  by  ohmic  resistance. 
I  might  point  out  that  the  very  able  and  interesting  researches  of 
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Dr.  Duncan  will  greatly  facilitate  the  mathematical  treatment  of 
the  storage  battery,  which  thus  far  has  been  waiting  for  just  such 
researches.  If  we  consider  the  storage  battery  as  a  ti-ansformer, 
it  is  very  easy  to  point  out  its  analogy  to  other  forms  of  trans- 
formers, and  while  generalizations  are  not  correct,  absolutely,  to 
their  full  b'mits,  yet  there  are  a  great  many  important  points  of 
resemblance.  For  instance,  the  induced  currents  and  the  local 
actions  which  Dr.  Duncan  has  described,  are  rery  closely  analogous 
to  the  currents  of  seif-induction,  while  the  losses  due  to  heat,  for 
instance,  are  analogous  to  the  increased  resistance  due  to  heat  and 
the  consequent  loss,  and  I  think  that  before  long  somebody  will 
give  us  analyses  of  the  principles  governing  the  action  of  a 
secondary  battery,  with  as  much  clearness  and  exhaustiveness  as 
we  have  had  in  the  case  of  the  dynamo  or  of  the  transformer 

Mr.  Pbesoott: — There  is  one  point  that  I  consider  of  very 
great  importance  which  Dr.  Duncan  has  passed  an  opinion  on, 
to  the  effect  that  the  active  material  applied  to  the  surface  of  the 
plate  produces  better  effects  than  when  applied  to  a  perforated 
grid.  I  should  like  to  ask  him  what  he  considers  the  surface  of 
the  plate.  Is  it  the  surface  exposed  to  the  acid  or  is  it  the  sur- 
face of  the  oxide  in  contact  with  the  lead  ?  Mr.  Wolcott  has 
made  a  diagram  on  the  board,  which  shows  that  the  most  effective 
surface  is  that  in  contact  with  the  metal  itself,  and  if  that  is  true, 
why,  I  should  think  the  objection  to  the  grid  form  would  fail. 

Db.  Duncan  : — While  action  takes  place  all  along  the  grid,  yet 
if  the  diffusion  is  not  very  rapid  the  action  at  one  point  is  taking 
place  in  comparatively  strong  acid,  and  the  action  at  another 
point  is  taking  place  in  comparatively  weak  acid.  At  the  same 
time  the  condition  of  those  points  is  different,  therefore  the  loss 
will  be  different.  With  two  plane  sheets,  one  opposite  the  other, 
then  the  density  would  be  exactly  unifonn,  supposing  the  con- 
ductivity of  the  support  were  great  enough.  As  far  as  the 
efficiency  goes,  the  only  experiments  I  have  made,  as  I  have 
stated,  were  with  the  deposit  of  peroxide  upon  plane  lead  plates 
from  a  solution  of  litharge  caustic.  If  you  take  a  very  concen- 
trated solution  of  caustic  soda  and  potash  and  put  in  litharge, 
and  boil  it,  you  get  on  the  lead  plate  a  deposit  of  spongy  lead, 
which  will  be  a  half  inch  thick  for  one  quarter  of  an  ounce. 
Then  you  can  press  that  until  it  is  about  one-hundredth  of  an 
inch  thick.  You  get  about  six-tenths  of  the  theoretical  capacity 
of  the  lead  when  it  is  compressed  with  a  pretty  fair  pressure. 
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And  it  was  with  such  plates  that  I  got  a  higher  efficiency  tlian  I 
did  with  grid  plates,  .because  their  action  is  perfectly  uniform 
and  the  thickness  is  so  small  that  there  is  hardly  any  chance  of 
eddy  currents. 

Mr.  Pre8CX)TT  : — ^Therefore  it  is  possible  that  the  same  method 
of  preparing  the  plate  if  applied  to  the  grid  might  have  given 
the  same  result. 

Db.  Duncan  : — The  great  point  is  that  every  part  of  the  plate 
is  in  exactly  the  same  condition.  The  distance  from  the  other 
plate  is  exactly  the  same.  Whereas  in  the  grid  plate  there  is  a 
very  great  difference,  and  consequently  the  distribution  of  current 
is  not  the  same. 

Mr.  Pbbsoott  : — The  modem  practice  is  to  increase  the  separ- 
ation of  tlie  plate  very  much  more  than  has  ever  been  done  in 
the  past,  and  also  to  make  much  thicker  plates  and  to  make 
smaller  perforations.  The  result  is  that  the  difference  in  the 
distance  between  one  plate  and  any  portion  of  the  interior  of  the 
perforation  of  the  opposing  plate  is  almost  inappreciable.  That 
is  the  modem  tendency. 
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ELECTRIC  MOTOR  REGULATION. 

BY   FBAKCIS   B.   OBOCKEB. 

Althougli  this  subject  is  one  of  great  scientific  and  practical 
interest,  it  has  not  been  very  frequently  or  very  fully  treated  up 
to  the  present  time.  Of  course,  motor  regulation  is  very  similar 
to  dynamo  regulation,  but  it  is  by  no  means  identical  with  it,  and 
it  deserves  and  requires  separate  treatment.  I  do  not  think  it  is 
much  exaggeration  to  say  that  at  the  present  time  there  is  no  sub- 
ject more  generally  important  to  electrical  engineers  than  motor 
regulation.  Considering  this  fact,  it  is  certainly  remarkable  that 
the  literature  of  the  subject  is  so  limited.  We  find  stray  articles 
in  electrical  periodicals,  rarely  more  than  a  description  of  one 
particular  invention,  and  in  electrical  books,  regulation  is  re- 
ferred to  incidentally  in  descriptions  of  the  various  motors. 
There  is,  also,  to  be  sure,  usually  one  short  chapter  devoted  to 
this  subject,  but  it  is  apt  to  be  either  very  general,  merely 
mentioning  a  few  regulating  devices,  or  else,  it  is  confined  to  the 
mathemathical  analysis  of  some  one  particular  method. 

Motor  regulation  is  a  subject  which  is  somewhat  confusing, 
and  requires,  therefore,  accurate  definition  of  the  quantities  and 
conditions  which  enter  into  it.  One  case  is,  at  first  sight,  very 
similar  to  another,  and  yet  more  careful  consideration  will  show, 
very  likely,  that  it  is  exactly  opposite.  Take,  for  example,  the 
two  commonest  and  most  important  cases,  viz :  the  constant  po- 
tential and  the  constant  current  motors.  The  conditions  of  the 
two  cases  are  precisely  opposite  and  the  solution  of  the  problem 
is,  naturally,  entirely  different.  To  maintain  a  motor  at  a  con- 
stant speed  with  a  variable  load  on  a  constant  potential  circuit, 
which  is  the  case  of  the  ordinary  shunt  motor  on  the  regular  110 
volt  incandescent  circuit,  is  a  very  easy  problem;  in  fact,  it  solves 
itself.   A  simple  shunt-wound  motor  will  run  at  a  practically  con- 
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stant  speed  on  a  constant  potential  circuit,  even  if  the  load  varies 
from  zero  up  to  the  full  capacity  of  the  motor.  Now  this  form 
of  motor  is  exactly  what  we  would  use,  even  if  we  did  not  care 
to  have  it  regulate. 

It  is  customary,  to  be  sure,  where  very  close  regulation  is  re- 
quired, to  wind  constant  potential  motors  differentially,  i,  e.,  with 
series  as  well  as  shunt  coils,  but  this  is  not  essential  for  ordinary 
work.  The  case  of  the  constant  current  motor,  on  the  other  hand, 
is  as  difficult  as  the  first  is  easy.  It  seems  as  if  it  had  to  bear  the 
burden  of  both.  Neither  a  shunt-wound  nor  a  series-wound  nor 
a  compound-wound  motor  can  be  used  practically  on  a  constant 
current  circuit  to  maintain  a  constant  speed  with  variable  load. 
The  ordinary  series-woxmd  motor,  which  is  the  natural  and  com- 
mon form  for  the  constant  current  motor,  will  race  away  when 
the  load  is  taken  off  and  increase  in  speed  until  it  tears  apart  or 
strains  the  armature  and  ruins  the  machine.  We  require  some 
special  and  very  effective  device  to  accomplish  the  regulation  in 
this  constant  current  case,  and  it  seems  to  happen  that  almost 
every  device  that  had  been  thought  of  has  had  serious  difficulties 
and  complications.  The  ordinary,  and  what  would  seem  to  be 
the  best  solution  of  this  problem  is  to  vary  the  magnetic  effect  of 
the  field  upon  the  armature  directly  in  proportion  to  variations 
in  the  load.  This  is  effected  by  cutting  out  the  field  coils,  and 
by  other  methods  which  will  be  described  later.  But  there  are 
serious  difficulties  with  almost  all  these  plans. 

These  two  cases,  which,  as  already  stated,  are  the  commonest 
and  most  important  which  occur,  and  yet  which  are  so  very  dif- 
ferent in  almost  every  respect,  give  a  general  idea  of  what  we 
have  to  deal  with  in  motor  regulation. 

In  order  to  fix  and  hold  the  rather  numerous  quantities  and 
conditions  that  present  themselves  in  connection  with  motor  re- 
gulation a  tabular  statement  of  them  is  given  below. 

.  Table  I. 

KLECFBIO   MOTOR  BEGULATION. 

1.  Hand  regulation. 

TTsually  employed  for  varying  the  speed. 

2.  Automatic  regulation. 

Usually  employed  to  maintain  constant  speed,  and  is 
effected  by 

Centrifugal  governors, 
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Dynamometric  governors, 
Electro-magnetic  devices. 

PRINCIPAL  METHODS   OF  MOTOB   REGULATION. 

1.  Shxmt  winding.    (Fig.  1.) 

2.  Differential  winding.    (Fig.  2.) 

Varying  external  resistance  in  series  with 

3.  Armature. 

4.  Field.    (Fig.  1.) 

5.  Both  armature  and  field. 

Varying  internal  resistance  of 

6.  Armature. 

7.  Field  by  cutting  out  coils  in  series.     (Fig.  3.) 

8.  Field  by  cutting  out  coils  in  multiple  arc.     (Fig.  4r.) 

9.  Field  by  grouping  coils  in  series  or  multiple  arc. 

10.  Both  armature  and  field.     (Fig.  5.) 

Varying  shunt  in  multiple  arc  with 

11.  Armature. 

12.  Field. 

13.  Both  armature  and  field.     (Fig.  6.) 

14.  Varying  current  in  separately  excited  field. 

15.  Shunting  field  magnetism.     (Fig.  7.) 

16.  Short  circuiting  field  magnetism.    (Fig.  8.) 

Varying  commutation  by 

17.  Shifting  brushes.     (Fig.  9.) 

18.  Shifting  commutator. 

19.  Shifting  magnetic  resultant. 

20.  Moving  pole-pieces  away  from  armature.    (Fig.  10.) 

21.  Moving  armature  away  from  pole-pieces.    (Fig.  11.) 

Table  II. 

LIST  OF  POSSIBLE  OASES   WITH   DIBBOT  CUBftBNTS. 

P  =.  Difference  of  potential  in  volts  at  terminals  of  motor. 

G  =  Current  in  amperes  supplied  to  motor. 

S  =  Speed  of  armature  in  revolutions  per  minute. 

Z  =  Load  or  torque  in  lbs.  at  one  foot  radius. 

Any  of  these  four  quantities  may  be  either  constant  or  varia- 
ble, making  the  following  combinations : — 
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Case.  Constant.  Variable. 

1.  P  CSL 

2.  PS  GL 
i.  PL  C8 

4.  PSL  C 

5.  PC  SZ 
Q.  PCS  L 

7.  PCZ  S 

8.  PCSZ 

9.  C  PSZ 

10.  CS  PZ 

11,  CZ  PS 


12.  CSZ  P 

13.  S  PCZ 
U.  SZ  PC 

15.  Z  PCS 

16.  PCSZl 


Example. 

Series  wonnd  motor  with  variable 
load  on  constant  potential  circuit. 
'  Shunt  or  comp.  wound  motor  with 
variable  load  on  con.  pot.  cir. 

Shunt  motor  with  con.  load  and  var. 
field  resist,  on  con.  pot.  cir. 

Not  practical. 
I  Not  likely  to  occur. 
I  Not  practical. 

•j  Not  practical. 

i  Shunt  motor  with  constant  load  on 
(      constant  potential  circuit. 
(  Shunt  motor  with  variable  load  on 
(      constant  current  circuit. 

(  Series  motor  with  speed  gov.  and 
(      var.  load  on  const,  current  circuit. 

Not  likely  to  occur. 

Not  practicaL 

Motor  with  speed  governor  and  var. 

load  on  cir,  of  var.  pot.  and  cur. 
Motor  with  const,  load  and  speed 

gov.  on  cir.  of  var.  pot.  and  cur. 
Motor  with  con.  load  without  speed 

gov.  on  cir.  of  var.  pot.  and  cur. 
Motor  with  var.  load  without  speed 

gov.  on  cir.  of  var.  pot.  and  cur. 


In  Table  i,  motor  regulation  is  divided  into  hand  regulation, 
which  it  happens,  is  almost  always  used  for  varying  the  speed  of 
a  motor,  by  a  hand  switch,  Fig.  1,  for  example ;  and  automatic 
regulation,  which  is  almost  always  used  to  maintain  a  constant 
speed,  and  which  is  usually  accomplished  in  one  of  the  three  fol- 
lowing ways :  first,  by  a  centrifugal  governor  similar  to  that  of 
the  steam  engine,  operating  a  switch  or  other  device  (Fig.  3) ; 
secondly,  by  a  dynamometric  governor,  /.  e.y  a  mechanism  through 
which  the  load  or  torque  of  the  motor  is  transmitted,  which  may 
also  operate  a  switch  and  vary  the  power  of  the  field  by  the  direct 
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•effect  of  changeB  in  the  load ;  thirdly,  by  an  electro-magnetic  de- 
vice, such  as  a  solenoid,  through  which  the  current  or  a  portion 
of  it,  is  passed,  which  canoes  the  core  of  the  solenoid  to  move 
•and  operate  a  switch,  in  accordance  with  variations  in  the  current. 
(Fig.  9.) 

The  table  next  gives  the  principal  methods  used  to  regulate 
motors.  These  consist  of  different  arrangements  and  combina- 
tions of  parts,  to  produce  different  effects  or  changes  in  the  work- 
ing of  the  motor,  and  they  constitute  the  means  which  we  have 
to  employ  to  accomplish  a  certain  object  in  motor  regulation. 
Method  1,  is  simple  shunt  winding,  which  consists  in  exciting  the 
field  magnet  with  a  circuit  of  comparatively  high  resistance  in 
multiple  arc  with  the  armature.  (Fig.  1.)  This  maintains  a 
motor  at  constant  speed  with  varying  load  on  a  constant  potential 
circuit,  and  does  this  all  by  itself,  as  it  were,  without  any  trouble, 
as  already  pointed  out.  The  reason  for  this  is,  that  the  field,  be- 
ing fed  with  a  constant  potential,  is,  therefore,  of  constant 
strength,  and  a  slight  variation  in  speed  of  the  armature,  about 
five  per  cent.,  will  vary  the  current  in  it  from  zero  up  to  its  full 
capacity,  and,  therefore,  vary  its  power  to  an  equal  extent. 

Method  2  is  differential  winding  (Fig.  2),  which  is  a  refinement 
of  the  first,  by  which  an  almost  absolutely  constant  spiBed,  i.  «., 


Fig.  1. — Shunt  Motor  with  Varia- 
ble Resistance  in  Field  Circuit. 


Fig.  a.— Differential  Motor.  Self- 
Regulating. 


within  one  or  two  per  cent.,  may  be  practically  maintained.  This 
consists  in  winding  a  series  coil  of  comparatively  few  turns  upon 
the  field  magnets,  in  addition  to  the  shunt-winding  in  the  previous 
ease,  the  series  coil  being  wound  in  the  opposite  direction  and 
opposed  magnetically  to  the  shunt  coil.  The  effect  of  this  is  to 
slightly  weaken  the  field  magnetism  as  the  load  on  the  armature, 
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and  consequently  its  current  increases.  This  tends  to  increase 
the  speed  of  the  armature  and  counteract  its  tendency  to  slow 
down  with  increased  load,  thereby  almost  entirely  eliminating 
even  the  small  variation  of  five  per  cent,  in  speed  which  occurs 
in  the  ordinary  shunt  motor.     The  paradoxical  fact  that  a  shunt 


Fig.  3.— Scries  Motor  with  Switch 
for  Cutting  Out  Coils  in  Series. 


Fig.  4.— Shunt  Motor  with  Switch 
for  Cutting  out  Field  Coils  in  Mul- 
tiple Arc. 


motor  increases  its  speed  with  the  weakening  of  the  field  magnet 
is  well  known,  being  due  to  the  lowering  of  the  counter-eletro- 
motive. force,  and  consequent  increase  of  current  in  the  armature 
as  the  field  magnetism  is  reduced  in  intensity. 

In  the  next  three  methods  the  external  resistance  in  series 
with  the  armature  or  field,  or  both,  is  varied.  Method  3  would 
be  very  wasteful  and  is  hardly  allowable  in  good  practice,  be- 
cause it  is  simply  destroying  the  main  current  to  put  resistance 
in  the  armature  circuit.  Method  4,  varying  the  resistance  in  the 
field  circuit,  is  very  much  less  objectionable  and  is  very  con- 
venient and  common.  (Fig.  3.)  This  mode  can  be  adopted 
with  a  very  small  loss  of  current,  because  the  field  current  is 
only  a  small  part  of  the  total  current  used  in  the  motor,  and  the 
loss  of  a  portion  of  this  small  fraction  is  practically  insignificant. 
Method  5,  putting  external  resistance  in  series  with  both  the 
armature  and  field,  is  open  to  same  objection  as  case  3,  since  it 
throttles  and  destroys  part  of  the  main  current. 

The  next  five  modes  of  regulation,  6,  7,  8,  9  and  10,  are 
theoretically  more  economical  than  the  preceding,  because  we 
vary  the  internal  or  useful  resistance,  instead  of  adding  external 
or  dead  resistance.  Method  6,  in  which  the  internal  resistance 
of  the  armature  is  varied,  is  very  diflScult  to  carry  out  in  practice, 
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simply  because  it  is  hard  to  get  at  and  change  the  connections  of 
the  armature  while  it  is  revolving.  One  of  the  few  ways  devised 
to  accomplish  this,  is  to  wind  the  armature  with  two  or  more 
circuits  connected  to  a  corresponding  number  of  commutators, 
whereby  one  or  more  of  these  circuits  may  be  used,  thus  varying 
the  internal  resistance  and  torque.  This  is  clumsy  and  is  prac- 
tically little  better  than  using  two  or  more  separate  motors. 

Method  7,  cutting  out  the  field  coils  in  series,  is  a  very  simple 
and  common  plan.  It  is  the  ordinary  way  of  regulating  con- 
stant current  or  other  series-wound  motors.  This  method,  or 
some  modification  of  it,  is  one  according  to  which  the  con- 
stant current  or  "arc"  motors  of  the  Baxter,  "C.  &  C."  and  Ex- 
celsior companies  are  constructed. 

Method  8,  of  cutting  out  field  coils  in  multiple  arc,  is  shown 
in  Fig.  4,  and  is  especially  applicable  to  shunt-wound  motors. 
The  diflEdtent  layers,  for  example,  may  be  respectively  connected 
to  the  contact  points  of  a  switch,  and  thrown  into  circuit  succes- 
sively, the  innermost  layer  first,  etc,  thus  obtaining  the  most 
economical  result. 


Fig.  5. — Motor  with  Switch  for 
Throwing  Armature  and  Field  in 
Series  or  in  Multiple  Arc. 


Fig.  6. — Series  Motor  on  Variable 
Shunt. 


Method  9,  of  grouping  the  field  coils  in  series  or  in  multiple 
arc,  produces  very  great  variations  in  field  resistance,  and  is  a 
combination  of  the  two  preceding  cases.  Like  them,  it  consists 
in  winding  the  field  with  separate  circuits  which  are  connected 
to  a  switch.  This  has  been  employed  in  street  car  motors  to  ob- 
tain great  variations  in  resistance  and  power. 
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Method  10  is  also  merely  a  combination  of  two  or  more  of  the 
four  preceding  cases.  A  simple  way  of  carrying  it  out  is  illus- 
trated in  Fig.  5,  and  consists  in  connecting  the  armature  and  field 
either  in  series  or  in  multiple  arc,  by  which  a  great  variation  in 
the  total  internal  resistance  of  the  machine  is  obtained. 

The  next  method,  No.  11,  is  open  to  the  same  objection  as  No. 
6,  because  when  the  armature  is  shunted  the  main  current  of  the 
machine  is  affected.  This  is,  however,  less  objectionable  than 
dead  resistance,  because  in  most  cases,  it  is  better  to  divert  the 
current  than  to  destroy  it. 

Method  12,  like  methods  4  and  7,  is  a  useful  and  common  one, 
because  in  shunting  the  field  we  are  merely  handling  a  very  small 
fraction  of  the  total  current. 

Method  13,  varying  a  shunt  in  multiple  arc  with  both  arma- 
ture and  field,  is  wasteful,  like  No.  11.  It  was,  however,  the 
plan  by  which  the  first  arc  motors  were  regulated,  a  variable 
shunt  being  placed  in  the  main  circuit  and  the  motor  connected 
to  the  terminals  of  the  shunt. 

The  variations  in  the  shunt,  of  course,  throw  more  or  less 
current  through  the  motor,  thereby  varying  its  power  as  re- 
quired. 

Method  14,  varying  the  current  in  a  separately  excited  field,  is 
merely  historical,  as  this  class  of  motors  has  gone  out  of  use. 
The  plan,  however,  is  a  very  effective  one,  because,  of  course,  it 
is  very  easy  to  control  the  field  current  when  it  is  produced  by  a 
separate  source. 

Method  15  is  shown  in  Fig.  7,  and  consists  in  shunting  the 
field  magnetism,  i,  e.,  diverting  the  lines  of  force  from  the  arma- 
ture through  some  other  path.  In  the  arrangement  shown  in 
Fig.  7,  there  is  a  simple  series-wound  motor  with  consequent 
pole  field  magnet,  and  if  the  coils  exciting  one  magnetic  circuit 
are  short  circuited,  it  is  evident  that  the  magnetism  produced  by 
the  other  magnetic  circuit  will  be  short-circuited  or  shunted  by 
the  former.  The  short-circuiting  of  the  coils  is  effected  by  the 
variable  shunt,  as  indicated. 

Method  16  is  very  similar  to  the  preceding,  and  consists  in 
short-circuiting  the  field  magnetism  and  diverting  it  from  the 
armature  by  a  keeper,  which  may  be  moved  towards  or  away 
from  the  pole-pieces  by  means  of  a  screw  or  other  contrivance. 

We  now  come  to  methods  17,  18  and  19,  in  which  the  line  of 
commutation  is  varied.      The  first  is  the  well-known  plan  of 

Digitized  by  VjOOQ IC 


BLECTRia  MOTOR  REG  ULA  TIOK.  245 

shifting  the  brushes.  This  is  very  effective  and  easily  carried 
out,  and  has,  therefore,  been  used  quite  extensively ;  but  it  has 
the  very  serious  and  almost  prohibitory  objection  that  when  the 
brushes  are  moved  from  the  neutral  point  they  spark  very  badly. 
This  may  be  remedied  to  a  slight  extent  by  some  heroic  plan  like 
blowing  out  the  spark  produced.  But,  as  sparking  is  one  of  the 
worst  drawbacks  of  a  motor,  it  hardly  seems  as  if  this  method 
of  regulation  would  be  permanent. 

Method  18,  shifting  the  commutator,  is  simply  another  way  of 
doing  the  same  thing. 

Method  19,  shifting  the  magnetic  resultant  or  direction  of  lines 
of  force  in  the  armature,  may  be  accomplished  by  two  sets  of 
pole-pieces,  the  relative  magnetic  strength  of  which  is  varied. 
This  is  also  open  to  the  same  objection  as  shifting  the  brushes. 

Method  20,  shown  in  Fig.  10,  consisting  in  moving  or  separat- 
ing the  pole-pieces  from  the  armature,  has  been  used  in  the  Diehl 
And  other  motors,  but  it  is  rather  difficult  to  carry  out  mechanic- 
ally, and  introduces  a  hinge  or  joint  in  the  magnetic  circuit, 
which  is,  of  course,  very  undesirable. 

Method  21,  moving  the  armature  away  from  the  pole-pieces, 
is  very  much  easier  to  accomplish  mechanically,  and  has  a  great 
many  advantages  as  a  means  of  regulation.  Dr.  S.  S.  Wheeler 
and  myself  have  been  working  for  some  time  on  motors  in  which 
this  method  of  regulation  is  employed  and  the  results  we  have 
obtained  have  been  very  satisfactory,  in  fact,  we  found  it  to  be 
extremely  simple,  effective  and  reliable. 

The  second  table  gives  a  list  of  the  possible  cases  of  motor  re- 
gulation which  may  occur  with  direct  or  continuous  currents. 
There  are  four  supremely  important  quantities  or  conditions  in 
connection  with  electric  motor  regulation — potential,  current, 
speed  and  load — and  it  is  with  reference  to  one  or  more  of  these 
that  practically  all  motors  are  designed,  built,  sold  and  used. 
Motors  are  always  distinguished,  both  in  science  and  in  trade  as 
constant  potential  or  constant  current  motors;  constant  or 
variable  speed  motors,  and  constant  or  variable  load  motors; 
hence  a  classification  of  motors  based  upon  the  constancy  or 
variability  of  these  four  factors  is  very  convenient,  and  at  the 
same  time  scientifically  correct.  The  second  table  is  made  upon 
this  j»lan,  and  in  it  the  four  quantities  are  represented  by  their 
initial  letters,  P^  C>  S  and  Z,  expressed  respectively  in  volts, 
amperes,  revolutions  per  minute,  and  torque  in  pounds,  at  one 
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foot  radius,  these  being  the  units  ordinarily  used  in  practical  as 
well  as  scientific  work.  We  find  that  there  are  in  all  16  different 
cases,  in  the  first  four  of  which  the  potential  is  constant ;  in  the 
second  four  the  potential  and  current  are  both  constant,  in  the 


Fig.  7. — Series  Motor  with  Varia- 
ble Magnetic  Shtint. 


Fig.  8. — Series  Motor  with  Varia- 
ble Magnetic  Short  Circuit. 


third  four  the  current  only  is  constant,  and  in  the  fourth  four 
neither  the  current  nor  the  potential  is  constant. 

Case  1,  in  which  the  potential  alone  is  constant  is  the  case  of  a 
series-wound  motor,  for  example,  with  variable  load  on  a  constant 
potential  circuit.  Such  a  motor  would  rise  in  speed  when  the 
load  was  reduced  and  vice  versa.  It  would  not  be  at  all  t^elf- 
regulating,  in  fact,  it  would  tend  to  run  at  a  very  high  speed 
with  light  load,  and  a  very  slow  speed  with  a  heavy  load.  It  is 
possible  to  give  various  other  examples,  but  one  is  sufiicient  in 
most  cases.  In  this  case,  however,  I  may  say  that  the  ordinary 
street  car  motor,  fed  from  a  constant  potential  circuit,  is  also  an 
example  of  case  1,  the  current  being  controlled  by  varying  the 
external  or  internal  resistance,  according  to  one  of  the  methods 
given  in  the  first  table. 

Case  2  is  that  of  the  ordinary  shunt  or  differential  motor,  with 
a  variable  load  on  a  constant  potential  circuit.  This  is  self- 
regulating  and  maintains  a  constant  speed,  as  already  stated, 
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and  is  the  commonest  ease  of  motor  regulation  met  with.  The 
cnrrent  varies  directly  with  the  load. 

Case  8  is  that  of  the  ordinary  shunt  motor  with  constant  load, 
having  a  variable  resistance  in  the  field  magnet.  This  case  is 
shown  in  Fig.  1.  Increasing  resistance  of  field  circuit  would 
weaken  field  magnetism  and  motor  would  ran  faster  and  take 
more  current,  i.  e.j  current  would  vary  directly  with  speed. 

Case  4  is  not  a  practical  one,  because,  if  potential,  speed 
and  load  are  constant,  the  current  cannot  be  varied  without  wast- 
ing it,  that  is,  any  excess  of  current  would  be  simply  destroyed, 
which,  of  course,  is  not  permissible. 

Case  5  is  not  likely  to  occur,  because  potential  and  current 
would  not  be  constant  with  a  variable  load  and  speed,  but  if  it 
did  occur,  it  would  require  that  the  speed  and  load  should  vary 
inversely. 

Cases  6  and  7  are  not  practical  for  the  same  reason  as  given  in 
case  4,  because  if  potential,  current  and  speed  were  constant,  the 
load  could  not  be  reduced  without  wasting  electrical  energy,  and 
in  case  7,  the  speed  could  not  be  varied  without  wasting  energy. 

Case  8  is  that  in  which  all  four  factors  are  constant,  and  is  best 


Fig.  g.— Series  Motor  with  Auto- 
matic Device  for  Shifting  Brushes. 


Fig.  io. — Series  Motor  with  De- 
vice for  Moving  Pole  Pieces  Apart. 


illustrated  by  a  shunt  motor  with  constant  load  on  a  coi^taut  po- 
tential circuit,  in  which  case  the  current  and  speed  would  also  be 
constant. 

Case  9  may  be  illustrated  by  a  shunt  motor  witli  variable  load 
on  a  constant  current  circuit  The  speed  would  run  up  as  the  load 
reduced.     A  more  common  example  is  a  series  motor  on  constant 
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current  circuit,  with  switch  for  cutting  out  field  coils,  or,  in  short, 
a  constant  current  motor  with  variable  speed  and  load. 

Case  10  is  that  of  the  regular  constant  current  or  ^^arc"  motor 
with  governor,  such,  for  example,  as  the  Baxter  or  "  C.  A  C." 
motor.  l*he  ordinary  form  of  this  motor  is  a  series  machine 
with  a  centrifugal  goyemor  which  operates  a  switch  to  cut  in  and 
out  the  field  coils,  as  shown  in  Fig.  3.  This  is,  next  to  the  shunt 
and  differentially  wound  motors,  the  most  common  and  im- 
portant case  of  motor  regulation. 

Case  11  is  that  of  a  constant  current  motor  with  constant  load, 
with  switch  for  varying  field  strength.  The  potential  would  rise 
directly  with  speed,  but  this  case  is  not  likely  to  occur. 

Case  12  is  not  practical  for  the  same  reason  as  case  4. 

The  last  four  cases  are  those  in  which  both  potential  and  cur- 
rent vary.  They  are  hardly  practical  cases,  because  electrical 
distribution  is  almost  always  either  constant  current  or  constant 
potential.  It  is,  however,  of  course,  possible  to  have  cases  where 
both  may  vary,  and  examples  of  each  case  are  given. 

Case  13  is  one  which  does  occur  to  a  certain  extent  in  practice, 
for  example,  if  a  so-called  constant  current  circuit  varies  slightly, 
as  they  always  do  in  pracfice,  say  from  9  to  10  amperes,  then  the 
current  as  well  as  the  potential  are  variable,  and  this  must  be 
taken  account  of  in  the  regulation. 

In  the  experiments  which  I  have  already  referred  to.  Dr. 
Wheeler  and  I  have  built  a  motor  of  the  constant  current  type 
which  will  govern  for  wide  variations  in  current  as  well  as  in 
load.  This  motor,  for  example,  will  not  fall  in  speed,  even 
though  the  current  be  reduced  from  10  to  5  amperes,  which  is  a 
great  variation  for  this  type  of  motor,  as  the  field  and  armature 
being  in  series,  the  torque  varies  as  the  square  of  the  current. 
This  variation  in  current  in  the  so-called  constant  current  circuits 
is  a  much  greater  percentage  than  the  variation  in  potential  of 
so-called  constant  potential  circuits,  and  amounts  to  from  ^  to  1 
ampere. 

Having  generally  described  the  difEerent  cases  of  motor  regula- 
tion, let  us  take  up  the  mathematical  relation  of  potential  current, 
speed  and  load,  which  may  be  expressed  quite  simply. 

Using  the  symbols  P,  (7,  S  and  Z,  as  defined  above,  we  have 

P  X  (7  as  the  total  electrical  energy  supplied  to  motor  in  watts  or 

P  C 

Y^K  in  horse  power.    Calling  commercial  efficiency  a,  the  actual 
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d  P  G 
mechanical  horse-power  developed  by  a  motor  is    ^       expressed 

in  electrical  terms.    The  equivalent  expression  in  mechanical 

terms  is  ^q-/^7j^  •     Since  the  point  at  which  load  L  is  measured  ia 

one  foot  from  centre  of  shaft  and  travels  2  n  feet  per  revolution^ 
or  2  ;r  /S"  feet  per  minute,  this  multiplied  by  the  load  and  divided 
by  83,000,  gives  horse-power  developed  by  motor. 
Thus  we  have : — 

aPC       2nSL      ,  .       , 

—  horse-power  of  motor. 


746 


or 


PC 


33,000 
746x2;r/SZ 


SL 


33,000  X  a         7.04  X  a 
For  convenience  we  may  write  P  G-^  -=—  with  an  error  of  about 
one-half  of  one  per  cent. 
If  the  efficiency  a,  of  motor  is  86.2  per  cent.,  the  denominator 

7.04a  becomes  6  exactly,  and  we  have  P  67  —  -5—,  and   if    the 

o 


8L 


The  former  is 


efficiency  is  75.8  per  cent.,  we  have  P  G  '— 

o 

as  high  and  the  latter  is  as  low  as  is  ordinarily  met  with  in  prac- 
tical work,  therefore  these  are  the  limiting  values. 


Fig.  h.— Scries  or  Shunt  Motor  with 
Regulator  for  Moving  Armature  Out  of 
Field. 

The  equation  P  C^  —  s-qj-  or  one  of  the  three  simplified  forms 

just  given  may  be  advantageously  used  for  solving  problems  in 
motor  regulation.  If  we  know  any  four  of  the  quantities  we  may, 
of  course,  find  the  fifth  oy  simply  solving  the  equation  with  re- 
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Bpect  to  it.  It  is  also  evident  that  if  any  three  of  the  quantities 
are  constant  then  the  other  two  will  vary  directly  or  inversely 
with  each  other,  depending  upon  their  position  in  the  equation. 
This  is  the  ordinary  case  we  have  to  deal  with  in  regulation. 
Usually  speed  is  required  to  be  constant,  either  potential  or  cur- 
rent is  maintained  constant,  and  eflSciency  should  be  practically 
constant  down  to  very  small  loads;  thus  we  have  either  cur- 
rent or  potential  varying  directly  with  load.  The  efficiency 
is  rather  a  confusing  element  in  motor  regulation.  For  this 
reason  it  was  not  introduced  as  a  fifth  quantity  in  the  second 
table,  as  it  would  have  complicated  it  and  made  a  great  many 
more  possible  cases.  The  efficiency  should  be  high  (close  to  100 
per  cent.),  and  as  nearly  as  possible  constant;  therefore  it  would 
not  affect  the  figures  much. 

If  the  load  or  speed  is  zero,  or  very  low,  the  potential  or  cur- 
rent should  be  correspondingly  reduced  and  the  eflBciency  would 
remain  constant.  This  is  the  condition  for  perfect  regulation. 
Practically  it  always  takes  some  current  to  overcome  friction, 
etc.,  even  when  load  is  zero,  in  which  case  efficiency  is  zero,  but 
this  current  should  be  very  small. 

nr  7" 

The  equation  PC  —  yTu^  applied  to  the  cases  marked  "not 

practical"  in  second  table,  shows  in  case  4  for  example,  that  if 
P  G  and  L  are  constant,  efficiency  a  decreases  directly  with  re- 
duction in  speed.  This  is  not  allowable.  The  same  is  true  of 
the  other  cases  that  it  is  not  proper  to  vary  P  C  or  L  simply  at 
the  expense  of  efficiency,  or  in  other  words  waste  current  to  ob- 
tain regulation. 

Having  now  given  the  general  points  of  the  subject  of  motor 
regulation,  we  will  proceed  to  consider  the  forms  of  motors  which 
are  now  being  used. 

First,  and  most  important,  we  have  the  regular  shunt  motor 
for  constant  potential  circuit,  which  has  already  been  referred  to 
several  times.  Thousands  of  this  type  of  motor  are  in  use  and 
give  very  satisfactory  results.  A  properly  designed  motor  of 
this  kind  will  regulate  witliin  five  per  cent.,  which  is  near  enough 
for  most  purposes. 

It  has  no  regulating  mechanism  or  complicated  circuits  to  get 
out  of  order,  and  it  may  be  called  the  ideal  self-regulating  ma- 
chine. The  next  important  form  is  the  differentially  wound 
motor,  which  is  even  more  perfect  in  closeness  of  regulation. 
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Theoretically,  it  might  be  made  almost  absolutely  constant  in 
speed,  practically  the  speed  varies  about  two  per  cent 

These  are  the  figures  given  me  by  the  company  which  manu- 
factures these  machines  in  the  largest  quantity  and  of  the  most 
exceDent  workmanship.  Silvanus  Thompson  gives  an  example 
of  one  of  these  machines,  which  varies  only  1 J  per  cent,  in  speed, 
with  a  variation  from  1.1  to  11.14  h.  p. 

The  rule  for  winding  differential  motors  is  that  the  number  of 
turns  in  the  shunt  divided  by  the  number  of  turns  in  the  series 
coil,  are  equal  to  the  resistance  of  the  shunt  divided  by  the  sum 
of  the  resistance  of  the  armature  and  the  series  coil.  On  this 
side  of  the  Atlantic  this  is  called  "  Sprague's  law  of  winding ;" 
on  the  other  side  it  is  called  "  Ayrton  and  Perry's  rule  for  wind- 
ing." The  slight  variation  in  speed  which  does  occur  is  due  to 
the  heating  of  the  coils  and  other  slight  disturbances.  The  shunt 
coil  varies  slightly  in  resistance  by  heat,  therefore  the  series  coil 
should  have  a  few  less  turns  than  the  rule  requires.  The  heating 
of  the  shunt  coil  weakens  the  current  in  it,  and  consequently  the 
field  magnetism,  thus  increasing  the  speed  of  the  machine ;  there- 
fore the  motor  runs  faster  after  it  has  been  running  for  some 
time.  The  proper  way  is,  of  course,  to  consider  the  true 
speed  to  be  that  which  the  motor  has  in  steady  running.  At 
first  some  trouble  was  experienced  in  this  type  of  machine,  on 
account  of  short-circuiting  between  the  series  and  shunt  coils, 
but  this  has  been  overcome  by  more  perfect  insulation. 

The  shunt  or  differentially-wound  machines  may  be  varied  in 
speed  by  putting  resistance  in  the  field  circuit,  as  shown  in  Fig. 
1.  This  may,  of  course,  be  done  automatically,  or  by  hand, 
usually  the  latter. 

The  next  important  type  of  machine  is  the  constant  current 
motor.  As  already  stated,  this  is  merely  a  series-wound  machine, 
with  switch  for  cutting  in  and  out  the  field  coils,  the  latter  being 
operated  by  an  automatic  centrifugal  governor,  as  indicated  in 
Fig.  3,  or  by  hand.  Various  modifications  of  this  type  have  been 
made ;  for  example,  a  reversed  coil  having  a  variable  resistance 
in  circuit  with  it,  may  be  used  in  multiple  arc  with  regular  series 
field  winding.  If  this  resistance  is  very  high,  the  reversed  coil 
has  little  or  no  effect ;  if  this  resistance  is  made  very  low,  it  will 
rob  the  main  coil  of  its  current  and  also  neutralize  its  effect, 
thereby  greatly  reducing  the  strength  of  the  field  magnet. 

Constant  current  machines  with  regulator  are  now  in  great 
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demand  for  arc  circuits ;  in  fact,  it  is  not  practical  or  safe  to  use 
a  motor  on  an  arc  circuit  without  a  regulator.  The  differential 
winding  of  constant  current  motors  to  maintain  constant  speed 
is  not  practicable.  The  solution  of  it  requires,  either  that  the 
efiSciency  should  be  very  low,  or  that  storage  batteries  be  used  in 
combination  with  the  winding  to  maintain  a  constant  difference 
of  potential.  Any  such  plan  as  this  is,  of  course,  very  ob- 
jectionable. 

The  three  types  just  given  are  really  about  the  only  continuous 
current  motors  used  to  any  extent  in  practice,  and  it  seems  that 
there  is  at  present  no  demand  for  any  other  type. 

Nothing  has  been  said  of  the  regulation  of  alternating  current 
motors,  because  it  is  a  radically  different  subject,  and,  moreover^ 
alternating  current  motors  tend  to  run  synchronously,  maintain- 
ing a  constant  speed  and  regulating  themselves. 

In  conclusion,  I  yould  say,  that  I  hope  to  see  this  subject  taken 
up  by  leaders  in  electrical  science,  and  given  the  attention  which 
I  think  it  deserves  but  which  it  has  not  yet  received. 


DISCUSSION. 

The  Chairman — (Major  O.  E.  Michaeus)  : — Gentlemen,  you 
have  heard  Mr.  Crocker^s  paper,  which  I  think  I  may  say,  in 
interest,  is  in  thorough  harmonic  series  with  its  predecessors* 
The  subject  is  now  open  for  discussion. 

Mr.  Townsend  W  oloott  : — I  would  like  to  ask  Mr.  Crocker  if 
he  has  ever  observed  any  difference  in  sparking  between  moving- 
one  brush  and  moving  both  brushes.  So  far  as  I  have  seen,  in 
those  machines  which  use  but  one  brush,  the  sparking  is  imma- 
teriai.  I  do  not  know  why  it  should  be  so.  I  never  worked 
out  any  satisfactory  theory. 

Mb.  Cbookbr  : — It  would  be  half  as  much,  certainly,  because 
there  would  be  only  one  brush  instead  of  two.  But  very  likely 
there  is  some  further  advantage.  I  have  never  observed  it  and 
therefore  never  considered  it.  It  is  possible  there  may  be  some 
action,  but  I  do  not  see  what  it  could  be.  When  one  or  more 
brushes  are  off  the  neutral  point  they  seem  to  spark  in  proportion 
to  the  amount  they  are  removed  from  that  point. 

Mr.  WoLoorr : — I  can  show  you  a  dynamo  \yith  one  brush  on 
what  is  supposed  to  be  the  proper  contact  point,  and  the  other 
one  about  100  degrees  from  it,  sparking  very  little  more  than  it 
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doee  when  it  is  set  opposite  to  the  first.  Bat  this  is  a  dynamo 
that  I  am  speaking  of.  I  do  not  know  wliether  the  same  thing 
wonld  apply  with  a  motor.  This  madiine  is  bnilt  for  25  lights, 
and  is  running  two  or  three  lights. 

Mb.  Edwabd  Weston  : — Of  conrse,  the  sparking  between  the 
two  sections  of  the  commutator  of  any  machine  wonld  be  depen- 
dent on  the  difference  in  potential  of  the  sections  in  passing  out  of 
contact  with  the  brushes.  That  would  depend  on  the  number  of 
sections  in  the  commutator  and  the  total  electromotive  force. 
That  would  still  further  be  complicated  by  changes  in  field  by 
moving  the  brushes.  It  would  be  a  very  complicated  question  to 
discuss.  I  can  well  understand  how  you  could  have  a  machine 
in  which  one  brush  or  both  brushes  could  be  moved  from  the  so- 
called  neutral  point  to  the  point  of  no  current,  and  it  would 
practically  give  no  spark,  and  then  again  you  could  have  a  very 
heavy  spark  with  some  types  of  machine.  With  some  types  of 
machine,  such  as  the  Brush,  it  could  not  be  done  very  well. 

Mb.  Cbookeb  : — I  understood  Mr.  Wolcott  to  say  it  was  a  25 
light  dynamo  running  two  or  three  lights. 

Mb.  Wolcott  : — Yes. 

Mb.  Cbookeb  : — Of  course,  in  that  case  the  machine  was  really 
working  with  only  one-tenth  of  its  normal  difference  of  potential. 
Therefore  the  sparking  would  be  reduced  just  in  proportion.  It 
is  hardly  a  fair  case  if  a  dynamo  is  running  at  only  one- tenth  of 
its  power.  Of  course,  the  sparking  and  all  other  effects  are 
changed  correspondingly.  If  the  dynamo  had  been  running  with 
its  full  load  of  26  lamps  it  would  probably  have  sparked  as  much 
as  any  other  machine. 

Mb.  Woloott  : — The  current  is  the  same.  I  understood  Mr. 
Crocker  to  say  that  the  sparking  would  be  worse  as  you  went 
away  from  the  correct  commutating  point ;  so  when  you  get  down 
to  two  or  three  lights  it  ought  to  be  worse  than  all. 

Mb.  Weston  : — ^The  sparking  is  entirely  due  to  the  difference 
of  potential  between  the  commutator  strips. 

Mb.  Wolcott: — I  should  hardly  say  entirely  due  to  that. 
When  you  get  a  good  machine  with  the  brushes  on  the  right 
point  there  Should  be  no  sparking.  Where  there  is  a  little  it 
could  be  accounted  for  by  self-induction  of  the  coils. 

Mb.  Weston  : — ^If  there  is  any  difference  of  potential  between 
the  strips  there  should  certainly  be  a  tendency  to  spark. 

Dr.  ScHUTLEB  S.  Wheeleb  : — The  principal  cause  of  sparking 
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in  motors  which  are  regulated,  is  the  fact  that  the  reguktor  is 
constantly  changing  something — either  the  magnetism  of  the 
armature,  or  of  the  field,  in  order  to  affect  the  regulation  ;  and, 
as  soon  as  that  is  done,  what  is  called  the  line  of  resultant  mag- 
netism is  changed,  and  while  the  brushes  have  not  been  moved? 
the  non-sparking  point  has  been  moved  away  from  the  brushes, 
and  we  no  longer  have  the  brushes  at  the  neutral  point.  Of 
course,  there  are  two  causes  of  sparking — one  is  the  breaking  of 
the  circuit  between  the  brush  tip  and  the  commutator,  and  the 
other  is  the  short  circuiting  between  the  commutator  bars,  pro- 
duced by  the  brush  touching  two  bars  at  the  same  time.  To 
avoid  this  short  circuiting,  which  is  by  far  the  most  serious 
cause  of  sparking,  the  brushes  are  always  placed  upon  the  com- 
mutator at  the  point  where  there  is  no  difference  of  potential 
between  the  bars.  These  points,  known  as  the  points  of  commu- 
tation, mark  the  position  of  the  magnetic  poles  induced  in  the 
armature  by  the  joint  actions  of  the  field  magnetism  and  of  the 
winding  upon  the  armature.  Its  position  indicates  the  combined 
effects  of  these  two  efforts,  at  magnetization,  and  if  the  strength 
of  either  of  them  is  altered,  the  position  of  the  resultant  polarity 
in  the  armature  changes.  Therefore,  whenever  we  change  the 
intensity  of  the  field  or  of  the  armature  magnetism  we  shift  the 
line  of  resultant  magnetism  and  the  brushes  are  no  longer  on  the 
right  spot.  For  that  reason  the  method  of  regulation  shown  by 
Mr.  Crocker  in  Figure  6  in  which  the  regulation  is  produced  by 
shunting  the  current  from  the  whole  machine,  thereby  keeping 
the  relative  strength  of  the  armature  and  the  field  the  same  at  all 
times,  has  the  advantage  that  it  will  never  cause  the  motor  to 
spark  ;  because,  although  it  alters  the  power  of  the  machine,  it 
alters  the  strength  of  both  the  armature  and  the  field  equally. 
The  method  is  very  objectionable  on  account  of  its  destroying  a 
large  amount  of  current,  namely,  all  of  the  current  that  is  taken 
away  from  the  armature  by  the  shunt,  but  it  has  the  advantage 
described,  of  not  causing  sparking. 

With  other  forms  of  regulation,  in  which  the  magnetic 
strength  of  the  field  only  is  varied,  it  has  been  necessary  to 
move  the  brushes,  from  time  to  time  as  the  regulator  acts,  in 
order  to  keep  them  at  the  proper  point ;  and  in  some  of  the 
forms  of  motors  the  brush  holders  are  mechanically  connected  to 
the  regulator  so  as  to  be  moved  by  it  automatically  when  it 
changes  the  field  strength. 
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There  is  another  method  of  regulation  which  I  have  tried  ex- 
perimentally that  may  be  interesting,  though  it  is  not  at  all 
practical.  Figure  12  illustrates  the  device,  which  consists  of 
a  pair  of  brushes  connected  to  the  terminals  of  the  field  winding 
of  an  ordinary  series  motor,  and  bearing  upon  a  cylindrical 
piece  of  copper  having  long  tapering  teeth  at  one  end.  The 
spaces  between  the  teeth  are  insulated  and  the  brushes  are  so 
placed  that  when  the  cylinder  is  drawn  down  by  an  ordinary 
centrifugal  governor  the  solid  copper  is  in  connection  with  the 
brushes  and  the  field  magnet  coil  is  short  circuited.  But  when 
the  governor  moves  the  copper  cylinder  upward  on  its  axis  at 
times  when  the  speed  is  reduced,  the  toothed  portion  of  the 
cylinder  comes  under  the  brushes,  and  the  tips  of  the  brushes  are 
in  contact  with  the  cylinder  and  thereby  in  connection  with  each 
other  only  for  a  part  of  the  time,  and  are  out  of  connection  the 
rest  of  the  time.    The  time  in  contact  and  the  time  out  of  con- 


Pig.  12. 


tact  depends  upon  the  width  of  the  teeth  at  the  point  at  which 
the  brushes  bear  upon  them,  the  position  of  the  cylinder  being 
controlled  by  the  action  of  the  governor.  Now,  it  takes  some 
seconds  for  the  magnetism  of  the  field  of  an  ordinary  dynamo 
or  motor  to  change.  Consequently,  if  we  make  and  break  this 
circuit,  which  short  circuits  the  field  very  rapidly,  we  will  not 
lose  our  magnetism  entirely  and  get  it  all  again ;  we  will  simply 
let  down  the  degree  of  magnetization,  but  keep  it  steady  at  some 
point,  depending  on  what  proportion  of  the  whole  time  the  cir- 
cuit is  closed  and  what  proportion  it  is  open.  That  is,  if  we  take 
a  field  magnet  which  requires  five  seconds  to  saturate  and  throw 
the  current  on  it  for  one,  two,  three  or  four  seconds,  we  will 
attain  different  degrees  of  magnetization  below  the  full  strength 
of  the  machine,  and  if  we  arrange  the  commutator  to  put  the 

Digitized  by  VjOOQIC 


256 


ELECTRIC  MOTOR  REGULATION, 


cnrreDt  on  and  off  rapidly  and  make  the  aggregate  time  that  the 
current  is  on  one-fifth  of  the  whole  time,  we  will  have  a  uniform 
magnetization  oonsiderahly  below  the  maximum,  and  without  the 
use  of  any  resistance  coils  whatever.  Of  course,  the  device  is 
not  at  all  practicable,  the  sparking  caused  by  the  large  field  coils 
being  very  serious. 

Another  method  (Figure  13)  which  I  think  was  not  touched 
upon,  although  it  comes  under  some  of  those  already  described 
as  a  sub-class,  is  that  employed  by  the  "  C.  &  C."  Motor  Co.  for 
a  hand  regulator.  It  consists  of  an  armature  connected  in  mul 
tiple  arc  with  a  field  which  is  divided  into  a  large  number  of 
coils.  The  switch  is  arranged  to  throw  more  or  less  coils  out  of 
circuit  by  simply  short  circuiting  them.  This  has  the  double 
effect  of  reducing  the  strength  of  the  field  and  of  shunting  tlie. 
current  away  from  the  armature,  and  thereby  reducing  the  arma 


Fig.  18. 

ture  strength,  so  that  in  this  we  have  a  machine  in  which  the 
armature  is  regulated  when  the  machine  is  operating  on  a  con- 
stant current  circuit,  without  the  use  of  any  special  devices  on 
the  armature.  By  making  the  first  coil  of  the  field  of  heavy 
wire  and  each  succeeding  coil  of  a  size  finer,  a  machine  is  made 
in  which  the  armature  and  field  magnetisms  are  reduced  in  some 
thing  like  equal  proportions  by  the  action  of  the  switch,  and  this 
is  done  without  the  use  of  any  outside  electrical  resistance  ;  but 
this  method  has  the  very  serious  objection  which  is  sometimes 
fatal,  that  the  minute  the  armature  speeds  up,  its  counter  e.  m. 
F.  alters  the  proportion  in  which  the  current  divides  between  the 
armature  and  the  field  circuits.  Motors  on  this  plan  have  been 
made,  however,  in  considerable  numbers,  and  the  reason  why 
this  disturbance  produced  by  the  counter  e.  m.  f.  is  not  more 
serious  is  because  the  resistance  of  the  field  coils  may  be  propor- 
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tioned  to  correspond  properly  with  the  increases  of  aiteature  speed, 
which  are  apportioned  to  the  several  contacts. 

The  differential  winding  mentioned  in  the  last  part  of  Mr. 
Crocker's  paper,  as  one  of  the  methods  of  regulating  constant 
current  motors,  consists  of  two  apposing  field  windings  with  a 
set  of  resistances  connected  in  series  with  one  of  them  for  deter- 
mining which  of  the  opposing  windings  shall  predominate.  (See 
Fig.U.) 

There  is  one  other  form  of  regulator,  a  method  invented  by 
Sprague,  in  which  the  field  coil  is  permanently  connected  with 
the  line  and  the  armature  terminals  are  connected  by  switch  to 
various  points  on  the  field,  the  speed  of  the  machine  being  regu- 
lated by  sliding  the  armature  terminals  from  the  centre  contacts 
towards  the  extremities  of  the  field,  which  weakens  the  field  and 
strengthens  the  armature.     (See  Fig.  15.) 


Pig.  14. 


Fig.  15. 


Mk.  Joseph  Wbtzlbb: — I  would  like  to  ask  Mr.  Crocker 
whether  he  has  ever  considered  the  Waterhouse  3-brush  regula- 
tion as  applied  to  motors.  If  so,  I  would  like  to  hear  what  his 
opinion  is  in  reference  to  it. 

Mr.  Crocker  :— I  have  considered  the  matter  somewhat,  but  I 
never  went  into  it  at  all  deeply.  It  never  was  a  very  attractive 
method  of  regulation  to  me,  but  I  cannot  say  positively  whether 
it  would  work  or  not.  I  tliink  very  likely  it  would.  The  condi- 
tion in  a  constant  current  motor  is  very  similar  to  that  in  an  arc 
light  dynamo.  If  a  certain  regulation  is  good  for  an  arc  light 
dynamo  it  is  probably  equally  good  for  a  constant  current  motor. 
That  is  quite  universally  true.  But  of  course  this  cannot  be  laid 
down  as  an  absolute  rule.  You  would  have  to  apply  it  in  each 
particular  case  before  you  are  sure.  But  on  general  principles  it 
is  true. 

Digitized  by  VjOOQIC 


368  ELBOTRIG  MOTOR  RSQ ULATION. 

Mr.  C.  O.  Mailloux  : — There  is  a  very  peculiar  fact  with 
reference  to  S-brush  regulation,  in  connection  with  the  sparking^ 
which  was  brought  to  my  attention  a  year  or  two  ago.  I  am  sorry 
that  Mr.  Hamilton,  the  former  chief  electrician  of  the  Western 
Union,  is  not  here,  because  he  is  the  man  who  made  the  dis- 
covery, if  it  may  be  called  a  discovery.  (See  Fig.  16.)  I  had 
occasion  to  design  a  machine  for  telegraphic  work  where  it  was 
expected  to  use  a  third  brush  for  the  purpose  of  getting  varying 
electro-motive  forces :  assuming  the  total  electro-motive  force  to 
be  say  20  volts,  then  he  proposed  to  use  a  third  brush  between 
the  other  two  and  move  that  brush  so  that  we  could  get  different 
currents.  He  could  fix  it  so  that  there  would  be  either  10  on 
each  side  or  else  5  on  one  side  and  15  on  the  other  side.  As 
sometimes  one-half  would  not  be  working  and  the  other  half 
would  be  workings  it  was  a  question  whether  there  would  not 
be  great  sparking,  but  he  told  me  that  he  proposed  to  avoid 
it  entirely.     I  was  greatly  interested  to  know  how  he  proposed 
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to  do  it,  and  to  my  great  surprise  I  found  that  he  had  done  so 
entirely  by  this  simple  expedient  of  putting  another  brush  on  the 
opposite  side  and  connecting  the  two  together  through  a  simple 
galvanometer.  Now,  we  found  by  practice  that  as  long  as  these 
two  brushes  touched  correspondingly  so  that  they  were  of  equal 
potential,  with  no  current  passing  through  that  galvanometer, 
there  was  absolutely  no  sparking.  If  we  moved  one  connection, 
and  if  there  was  no  appliance  between  the  two  there  would  be 
very  excessive  sparking,  but  in  any  case  it  did  not  matter  where 
the  brushes  were  located,  provided  that  they  were  located  at  cor- 
responding points.  For  instance,  if  he  wanted  to  get  only  a  small 
potential  on  one  side,  he  might  have  one  brush  touch  here  and 
the  other  brush  would  have  to  be  moved  opposite.  I  cannot 
account  for  the  phenomenon  ;  perhaps  somebody  here  may.  It 
was  interesting  as  showing  that  there  is  yet  a  great  deal  of  mystery 
to  be  elucidated  about  the  sparking  of  dynamo  brushes. 
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Pbof.  E.  p.  Robkrts: — I  would  suggest  that  Prof.  Nichols 
be  called  upon  in  reference  to  that  mode  of  regulating. 

Prof.  E.  L.  Nichols: — I  am  much  obliged  for  the  compli- 
ment, but  I  really  have  little  to  add  to  what  has  already  been  said. 
Mr.  Crocker's  opinion  that  any  device  for  the  regulation  of 
dynamos  may  be  applied  to  motors  with  chances  of  success  at 
least,  I  concur  in.  The  behavior  of  third  brush  regulator  ma- 
chines is  a  pretty  complex  question,  and  depends  upon  a  great 
variety  of  facts  which  we  are  scarcely  yet  masters  of.  We  have 
been  studying  that  at  Cornell  to  some  extent  and  have  gained 
some  light  on  the  subject,  but  it  is  hardly  in  a  condition  to  be 
presented  here. 

Ma,  Weston  : — The  last  case  given  by  Mr.  Mailloux  would 
certainly  be  very  singular.  I  am  entirely  at  a  loss  to  understand 
it.  Under  the  conditions  named  it  would  indicate  that  the  differ- 
ence of  potential  between  the  strips  had  nothing  to  do  with  the 
sparking  of  the  commutator.  I  shall  take  the  first  opportunity  to 
try  that  experiment.  It  seems  to  me  very  remarkable  that  mov- 
ing two  brushes  on  opposite  sides  of  the  commutator  and  keeping 
them  at  points  of  equal  potential,  the  two  other  brushes  being 
in  the  normal  position,  could  possibly  bring  about  such  a  result 

Mr.  Mailloux  : — I  will  only  say  that  I  myself  said  the  same  as 
Mr.  Weston  in  speaking  to  Mr.  Hamilton  about  it.  He  assured 
me,  however,  that  he  had  reasoned  it  out  and  that  it  ought 
to  work,  and  I  only  state  the  fact  that  he  found  it  to  work. 
There  were  several  persons  present  and  the  experiments  were  very 
extended.  As  I  stated  before  I  regret  that  Mr.  Hamilton  is  not 
here  himself  to  give  th^  details  and  his  explanation  of  the  fact. 
I  have  given  the  experiment  as  nearly  as  possible  as  I  remember 
it.  It  is  nearly  two  years  since  it  occurred.  The  dynamo  was  a 
large  machine,  probably  having-a  capacity  of  ten  or  fifteen  horse 
power,  and  it  was  tried  under  large  variations  of  load.  The 
machine  was  intended  to  supply  local  circuits  for  telegraph  work, 
and  as  we  know,  there  might  be  a  large  number  on  or  there 
might  be  none,  and  the  great  aim  was  to  avoid  sparking.  If  I 
mistake  not  the  machine  was  put  into  practical  use  at  Pittsburgh 
and  may  be  there  yet  for  aU  I  know.  I  tliink  it  is  giving  satis- 
faction. Of  course  (referring  to  the  figure)  I  should  state  that 
the  galvanometer  is  only  used  for  adjustment  and  that  the  two 
brushes  are  connected  by  a  metallic  conductor  of  low  resistance 
so  that  the  current  supplied  to  the  circuit  is  derived  in  equal  pro- 
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portions  from  both  of  the  two  additional  bni«hes.  The  same 
thing  could  be  accomplished  by  connecting  a  portion  of  the 
circuit  to  each  brush. 

The  Prbsidbnt  : — (  1*rof.  Elihu  Thompson.)  It  is  my  experi- 
ence that  in  designing  and  working  the  dynamo  there  is  no 
machine  so  capable  of  giving  unexpected  results.  If  none  of  the 
other  members  have  anything  further  to  say  I  would  like  to 
make  a  few  remarks  on  the  general  subject. 

Mr.  Crocker  mentioned  that  in  one  of  his  cases  the  movement 
of  the  brushes  in  the  motor  would  produce  violent  sparking. 
Now,  I  take  exception  to  that.  I  say  that  sparking  of  that  kind 
is  within  control,  as  is  the  case  in  dynamos  which  are  built  for 
constant  current.  Take  for  instance  the  modified  Gramme  form 
known  as  the  American  dynamo,  in  which  by  a  proper  adjust- 
ment of  the  over-reach  or  over-lap  of  the  brushes,  you  can  displace 
them  enormously  and  still  get  no  sparking.  Apply  the  same 
process  to  a  motor  and  move  the  brushes  and  you  will  get  the 
same  condition.  The  sparking  at  the  brushes  as  I  take  it  depends 
on  conditions  of  balance,  giving  the  exact  time  that  is  needed  for 
current  in  the  coil  which  is  going  under  the  brush  to  lose  the  cur- 
rent it  has  been  carrying  and  take  up  the  opposite  current.  If 
you  give  that  time  exactly,  in  any  case,  you  will  get  no  sparking, 
as  in  this  case  your  field  is  constant  and  your  armature  current  is 
also  constant  there  would  be  nothing  to  prevent  such  a  balance 
being  preserved  at  all  times.  In  other  words,  if  we  commute 
our  currents  in  the  armature  bobbins  in  a  certain  density  of  field 
and  in  shifting  the  brushes  do  not  disturb  the  conditions,  or  if 
we  do  disturb  those  conditions,  but  bring  into  action  other 
conditions  which  will  adapt  the  machine  to  the  state  of  field  or 
the  state  of  commutation,  then  you  can  control  the  si>arking. 
In  other  words,  the  self-induction  is  the  thing  you  have  to  take 
into  account.  It  takes  time  in  any  armature  section  to  reverse 
the  current,  and  we  know  that  on  one  side  of  the  brush  the  cur- 
rent is  in  one  direction  and  on  the  other  side  in  another  direction. 
Keep  then  the  coil  under  the  brush  for  just  that  time  which  allows 
it  to  pass  from  5  amperes  which  it  may  be  carrying  on  one  side 
to  5  amperes  which  it  may  be  carrying  on  the  other  side,  and 
you  have  no  sparking  in  any  case.  That  is  one  reason  why  flexi- 
bility exists  in  many  forms  of  dynamo,  especially  where  the 
armature  has  some  influence  on  the  disposition  of  the  magnetic 
forces.     In  cases  in  which  the  field  is  abundantly  strong  and  the 
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armature  is  a  weak  magnet,  then  of  oonrse,  the  commutation  in 
made  in  a  rather  weak  field  just  before  the  bobbin  reaches  the 
strong  field.  But  if  the  armature  bobbin  has  passed  forward 
under  the  field,  then  the  conditions  are  all  changed. 

I  would  like  to  add  also  another  case  to  Mr.  Crocker's  cases — 
one  which  I  worked  at  for  some  time  and  which  I  found  was  a 
fairly  satisfactory  solution  of  the  problem  of  constant  current 
motors.  I  have  not  yery  much  faith  in  constant  current  motors 
anyhow.  They  always  require  some  extraneous  mechanism  like 
a  governor  or  something  of  the  kind  which  varies  the  conditions 
and  that  governor  is  apt  to  be  behind  time,  especially  on  light 
loads.  It  may  set  the  motor  oscillating.  The  case  is  very  simi- 
lar in  constant  current  motors  to  what  we  find  with  arc  lamps  on 
constant  potential.  We  have  instiibility  with  arc  lamps  on  con- 
stant potential,  and  we  have  instability  with  motors  on  constant 
current,  for  the  simple  reason  that  the  lowering  of  speed  in  the 
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motor  drops  the  counter-electro-motive  force  and  we  only  have  a 
definite  certain  current  to  work  on ;  that  means  a  drop  in  the 
actual  amount  of  energy  available.  The  time  the  motor  needs 
more  energy  to  bring  up  its  speed  is  the  time  it  loses  the  energy, 
and  that  is  analogous  to  the  rush  of  current  that  will  go  through 
an  arc  lamp  put  in  multiple  on  a  constant  potential  circuit, 
because  the  resistance  of  the  arc  falls  with  the  increase  of  the 
current.  Consequently  the  more  current  passes  the  more  current 
will  pass  as  hot  vapor  is  produced.  The  case  which  I  referred  to 
as  an  additional  case  is  one  for  constant  current  with  the  field 
wound  in  shunt  with  the  armature.  It  is  shown  in  Figure  17. 
We  have  the  field  in  shunt  with  the  armature  but  we  vary  the 
field  coils  in  the  size  of  wire.  We  start  with  thick  wire,  then 
thinner  until  we  end  with  a  rather  thin  wire.  We  now  make 
our  connections  from  this  at  various  points  and  put  a  governor 
on  the  motor  shaft  which  will  give  us  a  contact  to  traverse  these 
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connections.  The  armature  and  field  being  in  shunt  the  current 
will  always  divide  between  them,  and  it  will  be  seen  that  when 
we  have  this  contact  over  one  side  we  have  a  comparatively  high 
resistance  field,  or  in  other  words,  we  have  something  like  a  shunt 
machine ;  that  will  be  the  condition  under  heavy  load.  As  the 
load  comes  off  and  the  speed  rises  the  connection  passes  to  the 
other  end.  We  get  then  a  low  resistance  field.  The  current 
passes  through  the  field  branch  in  greater  proportion  than 
through  the  armature  branch.  The  field  being  low  resistance  is 
economical,  and  we  get  in  that  way  a  very  fair  and  economical 
regulation  for  series  motors.  I  have  built  motors  on  that  plan 
and  found  they  worked  very  satisfactorily  indeed,  with  a  proper 
arrangement  for  moving  the  contacts.  There  is  another  advan- 
tage diat  I  find  in  such  a  motor,  that  the  brushes  are  practically 
sparkless.  That  is,  they  may  be  set  in  one  position,  require  no 
movement  at  all,  even  on  so  few  segments  as  a  three-coil  arma- 
ture, and  of  course  on  a  Gramme  armature  and  a  multiple  seg- 
ment machine  the  constancy  is  even  greater,  but  the  brushes  are 
simply  set  at  a  certain  angle  with  the  line  joining  the  fields,  and 
the  governor  takes  care  of  this  process.  The  objection  to  it  is 
that  it  requires  a  rather  nice  construction  of  the  machine.  You 
begin  with  a  coarse  wire  and  go  down  finer  and  finer,  and  to  get 
the  grading  properly  is  a  matter  of  calculation,  of  course.  (This 
is  the  same  method  of  regulation  as  Figure  14,  described  by  Dr. 
Wheeler). 

Mr.  Crocker  : — I  would  like  to  add  one  word.  I  think  there 
is  a  great  difference  between  motors  and  dynamos  in  one  respect, 
and  it  is  a  purely  practical  one ;  the  dynamo  is  handled  by 
men  who  know  how  to  handle  machines ;  you  can  afford  to  have 
dynamos  in  the  hands  of  skilled  workmen.  Whereas  motors  are 
exactly  the  opposite ;  they  are  likely  to  be  in  the  hands  of  the 
most  ignorant  people.  Therefore  systems  of  regulation  which 
are  peifectly  allowable  or  practical  in  the  case  of  a  dynamo  are 
not  so  allowable  or  practical  in  the  case  of  a  motor.  In  fact,  the 
case  spoken  of  with  a  nice  balance  in  the  position  of  the  brushes 
is  all  right  in  the  case  of  a  dynamo  where  it  can  be  maintained 
but  it  probably  could  not  be  maintained  in  the  case  of  a  motor. 

In  speaking  of  shifting  the  brushes  I  referred  more  to  motors 
than  to  dynamos.  I  was  not  talking  of  dynamos  or  criticising 
dynamo  regulation,  I  think  that  motor  regulation  is  very  differ* 
ent  in  the  respect  I  have  stated,  and  that  is  about  the  only  radical 
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difference  that  there  is  between  motor  and  dynamo  i-egulation. 
The  President  : — I  would  say  that  in  working  the  carbon 
brushes  we  find  we  can  have  quite  large  variations  on  account  of 
the  resistance  of  the  brush.  The  spark  will  be  almost  insignifi- 
cant, because  the  resistance  of  the  brush  is  opposed  to  any  spark- 
ing or  short-circuiting. 


Note. — The  proceedings  of  the  Qeneral  Meeting  will  be  continued  in  the 
double  number  for  August  and  September. 
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MAGNETISM    IN   ITS    RELATION    TO    INDUCED 
ELECTEOMOTIVE    FORCE  AND  CURRENT. 


BY  ELIHU  THOMSON. 


There  is,  perhaps,  no  subject  which  at  the  present  time  can 
have  a  greater  interest  to  the  physicist,  the  electrician,  and  the 
electrical  engineer  than  the  one  which  heads  this  paper.  The 
advances  which  have  been  made  in  the  study  from  its  purely  the- 
oretical or  scientific  side,  and  the  great  technical  progi-ess  in  the 
utilization  of  the  known  facts  and  principles  concerning  magnetic 
inductions,  can  but  deepen  and  strengthen  that  interest. 

On  the  side  of  pure  theory  we  find  the  eager  collection  of  ex- 
perimental data,  to  be  submitted  to  the  scrutiny  of  the  ablest  and 
brightest  minds,  to  be  examined  and  reasoned  upon  with  the 
hope  of  finding  some  clue  to  satisfying  explanations ;  and,  on 
the  side  of  practice,  we  find  the  search  for  new  facts  and  rela- 
tions no  less  diligent,  though  often  stimulated  by  practical  prob- 
lems presented  for  solution.  Indeed,  the  urgency  for  results  is 
often  the  greater  on  the  practical  side,  for  theory  can  wait,  prac- 
tice cannot,  at  least  in  the  United  States. 

We  must  look  for  continued  triumphs  in  both  directions,  and 
the  most  welcome  of  all  will  be  the  framing  of  a  theory  or  ex- 
planation which  will  enable  us  to  interpret  magnetic  and  electric 
phenomena.  The  recent  beautiful  experiments  of  Hertz  on 
magnetic  waves  have  opened  a  fertile  region  for  investigation. 

It  would  seem  that  the  study  of  magnetism  and  electricity  will 
give  us  the  ability  to  investigate  the  ether  of  space,  which  medium 
has  been  theorized  upon  at  great  length,  with  the  result  of  leav- 
ing it  very  much  where  it  was  before,  a  mysterious  necessity. 

Faraday  says,  speaking  of  magnetism  : 

"  Such  an  action  may  be  a  function  of  the  ether,  for  it  i|L  noti^ 
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at  all  unlikely  that  if  there  be  an  ether  it  should  have  other  uses 
than  simply  the  conveyance  of  radiations."  3,075  Vol.  iii., 
Exp.  Ees. 

"  It  may  be  a  vibration  of  the  hypothetical  ether,  or  a  state  of 
tension  of  that  ether  equivalent  to  either  a  dynamic  or  a  static 
condition,  etc."    3,263.    Vol.  iii.,  Exp.  Res. 

Faraday  again  says,  speaking  of  the  magnetic  power  of  a 
vacuum : — 

"What  that  surrounding  magnetic  medium  deprived  of  all 
material  substance  may  be  I  cannot  tell,  perhaps  the  ether " 
3,277.    Vol.  iii.,  Exp.  Res. 

Modem  views  would  seem  to  point  that  through  a  study  of 
magnetic  phenomena  we  take  a  feeble  hold  upon  the  universal 
ether.  Magnetism  is  an  action  or  condition  of  that  medium,  and 
it  may  be  that  electrical  actions  are  the  expression  of  molecular 
disturbances  brought  about  by  ether  strains  or  interferences. 
The  close  relations  which  are  shown  to  exist  between  magnetism 
and  light  tend  to  strengthen  such  views.  Indeed  it  would  not  be 
too  much  to  expect  that  if  the  mechanics  of  the  ether  are  ever 
worked  out  we  should  find  the  relation  between  sensible  heat 
and  electric  currents  to  be  as  close  as  that  of  light  to  magnetism  ; 
perhaps  find  ultimately  that  the  f onns  of  matter,  the  elements  and 
compounds  are  the  more  complex  manifestations  of  the  univer- 
sal medium ;  aggregations  in  stable  equilibrium.  It  is  a  difficult 
conception,  I  confess,  and  a  most  shadowy  and  imperfect  one, 
yet  facts  aud  inferences  which  favor  such  views  are  not  wanting. 

Our  science  of  electricity  seems  almost  to  be  in  the  same  con- 
dition that  chemistry  was  in  before  the  work  of  Lavoisier  had  shed 
its  light  on  chemical  theory.  Our  store  of  facts  is  daily  increas- 
ing, and  apparently  disconnected  .phenomena  are  being  brought 
into  harmonious  relation.  Perhaps  the  edifice  of  complete  the- 
ory will  not  be  more  than  begun  in  our  time,  perhaps  the  build- 
ing process  will  be  a  very  gradual  one,  but  I  cannot  refrain  from 
the  conviction  that  the  intelligence  of  man  will,  if  it  has  time, 
continue  its  advance  until  such  a  structure  exists. 

I  have  been  led  to  make  these  general  allusions  to  electrical 
theory  in  order  to  emphasize  the  fact  that  in  the  present  paper 
no  unraveling  of  the  mystery  is  to  be  attempted,  but  rather  the 
presentation  of  some  few  considerations  upon  a  subject  of  absorb- 
ing interest. 

The  conception  of  Faraday  in  regard  to  the  existence  of  lines 
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of  magnetic  force  representing  directions  of  magnetic  strain  or 
tension  in  a  medium,  has  not  only  lost  nothing  of  its  usefulness 
up  to  the  present  time,  but  has  continually  been  of  great  service 
in  the  understanding  of  magnetic  phenomena.  We  need  spend 
no  time  in  showing,  as  Faraday  and  others  have  done,  that  these 
lines  are  always  closed  circuits,  polarized  so  that  the  direction  of 
the  lines  cannot  be  reversed  without  reversal  of  the  actions.  Nor 
need  we  take  time  to  show  that  in  any  medium  the  lines  are 
mutually  repellant  laterally  if  of  the  same  direction  of  polariza- 
tion. Opposing  this  tendency  to  separation  or  lateral  diflfusion 
of  magnetic  force,  is  the  strong  apparent  tendency  of  the  lines  to 
shorten  themselves  in  any  medium.  These  actions  are  disturbed 
by  the  presentation  of  a  better  medium,  as  iron,  instead  of  space 
or  air.  Lines  of  force  will  move  into  the  better  medium,  having 
apparently  the  constant  tendency  to  diminish  the  resistance  in 
their  paths. 

The  peculiar  and  mysterious  nature  of  media  such  as  iron,  is 
to  permit  an  extraordinary  crowding  of  lines  on  account  of  slight 
resistance  to  their  passage  through  them.  We  need  not,  in  addition, 
do  more  than  refer  to  the  other  well-known  facts  of  an  electric 
current  developing  magnetic  lines  encircling  the  conductor,  as 
being  the  general  type,  which  includes  all  forms  of  magnetic 
field,  or  electro-magnets  sustained  by  currents,  and  the  fact  of  a 
development  when  magnetic  lines  or  circuits  and  material  masses 
are  in  relative  movement,  of  electromotive  forces  transversely  to 
the  direction  of  the  lines  of  magnetism  and  also  transversely  to 
the  direction  of  relative  movement,  as  in  the  case  of  electric 
conductors  traversing  or  cutting  through  a  field,  or  of  a  field 
traversing  or  being  moved  across  a  conductor.  We  must  not 
forget  that  even  insulators,  as  well  as  conductors,  cutting  lines  of 
force,  have  the  electromotive  force  developed  in  them.  The 
action  simply  develops  potential  difference,  and  this  generates  the 
current  where  a  circuit  exists.  While  we  are  in  the  habit  of 
saying  that  a  conductor  moved  across  a  field  of  lines,  or  vice 
versa,  generates  electric  current,  1  think  the  statement  incomplete. 
The  movement  only  sets  up  a  potential  difference  and  the  power 
expended  in  effecting  the  movement  generates  C  X  JE.  The 
current  is  energy  less  the  potential,  or  the.  energy  expended  gives 
the  two  effects  of  potential  or  pressure,  and  current  or  rate  of 
movement.  Consequently,  an  insulator  or  an  open-circuited 
conductor,  traversing  a  field,  consumes  no  energy,  potential  cmo 
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ference  only  being  produced.  Nevertheless,  as  will  be  shown^ 
the  magnetic  circuits  or  lines  themselves  may  furnish  the  energy 
for  their  own  movement  across  a  conductor,  and  so  develop  cur- 
rent as  weD  as  potential  This  occurs  in  the  eflEorts  of  lines  to 
shorten  their  paths,  to  lessen  their  density,  to  pass  to  better 
media.  Indeed,  a  close  examination  will  show  that  wherever 
power  is  expended  in  developing  current  in  a  circuit,  cutting 
lines  of  force,  the  energy  expended  is  first  employed  in  stretching 
the  lines,  which  thus  receive  the  energy  required  to  permit  them, 
in  shortening,  to  cut  the  conductor  and  set  up  currents  in  the 
electric  circuit  in  accordance  with  the  potential  difierence  devel- 
oped in  that  circuit  and  its  resistance. 

I  think  we  may  also  say,  though  I  do  not  remember  to  have 
seen  the  statement  so  put,  that  whenever  electric  potential  is  set 
up  inductively,  as  in  self-induction,  mutual  induction,  induction 
from  one  circuit  to  another  and  induction  from  magnets  or  mag- 
netic field,  it  is  set  up  by  the  movement  of  lines  of  force  later- 
ally across  the  body,  mass  or  conductor  in  which  the  potential  is 
developed,  and  that  whenever  current  is  set  up  in  a  wire  or  an 
existing  current  prolonged,  or  an  existing  current  checked  by 
induction,  self-induction  or  induction  from  magnets,  the  action  is 
a  transfer  of  energy,  represented  by  strained  lines  of  force  short- 
ening or  lessening  their  resistance,  or  lengthening  and  increasing 
the  resistance  in  their  paths.  The  magnetic  field  is  like  an 
elastic  spring,  it  can  in  one  condition  represent  stored  energy — 
can  be  strained  and  will  store  energy — it  can  be  made  to  relieve 
its  strain  and  impart  energy. 

Let  us  examine  some  known  pJienomena  in  this  light.  Take 
the  case  of  a  simple  wire,  conveying  currents  say  in  a  line  away 
from  observer.  Fig.  1.  There  exists  a  free  field  of  circular 
magnetism  (so-called),  shading  off  away  from  the  wire  and  which 
is  represented  by  concentric  circles  of  increased  diameter.  The 
superior  intensity  or  strength  of  the  lines  near  the  wire  may  also 
be  represented  by  their  thickness.  This  is  often  shown  also  by 
crowding  the  lines  near  the  wire,  though  I  am  disposed  to  regard 
Fig.  1  as  more  nearly  expressing  the  condition,  unless  we  are  to 
regard  the  lines  as  simply  indicating  a  sort  of  atmosphere  of 
magnetic  effect  whose  density  becomes  less  as  we  proceed  out-, 
ward  from  the  wire,  in  which  case  either  form  of  symbol  suffices. 
The  direction  of  polarization  of  the  lines  may  be  indicated  by  an 
arrow  head  pointing  in  a  direction  of  right-handed  rotatiqjdi^ 
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the  path  of  the  lines.  This  is  the  typical  figure  or  expression  for 
all  forms  of  simple  magnetic  circuit — the  form  of  the  lines,  their 
length,  position,  density,  will  depend  on  the  shape  of  the  con- 
ductor or  conductors  (when  more  than  one),  and  the  materials 
surrounding  or  in  proximity  to  the  wire  or  wires. 

If  the  current  traversing  the  conductor  is  constant,  the  mag- 
netic field  around  it  is  stable  and  static,  unless  other  influences 
come  in  to  modify  it.  The  cutting  oflf  of  the  current  is  followed  by 
instability  of  the  field  whereby  it  can  and  must  produce  dynamic 
eflfects.  I  say  must  because  the  field  represents  stored  energy 
and  in  disappearing  miMt  give  out  that  energy.  To  throw  light 
on  this  part  of  the  subject  is  one  of  the  objects  of  the  present 
paper.  Cutting  off  the  current  supply  in  the  case  assumed  leaves 
the  developed  magnetic  lines  or  strains  unsupported,  they  at  once 
shorten  their  paths  or  circuits,  collapsing  upon  the  conductor  as 
it  were,  and  continuing  this  action,  cut  the  section  of  the  con- 
ductor,  and  apparently  disappear  in  magnetic  closed  circuits 
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of  infinitesimal  diameter  but  of  great  strength  of  polarization. 
It  appears  to  me  that  we  must  either  be  prepared  to  give  up  the 
idea  of  lines  of  force  or  take  the  position  that  the  magnetic  cir- 
cuits precipitate  themselves  in  shortening  their  circuits,  disap- 
pear upon  and  cut  the  conductor.  It  was  Hughes  who  put 
forward  the  idea  that  an  iron  bar  in  losing  its  apparent  magnet- 
ism really  short  circuits  the  lines  in  itself  as  innumerable  strongly 
magnetized  closed  circuits  among  the  molecules.  In  becoming 
magnetic  once  more  these  short  circuits  are  opened  or  extended 
into  the  air  by  some  source  of  energy  applied  to  strain  the  lines, 
8uch  as  a  current  in  a  conductor  around  the  bar. 

May  not  this  idea  be  extended  then,  to  include  the  magnetic 
mediuii,  the  ether  itself  1  Does  it  contain  intensely  polarized 
closed  circuits  of  magnetism  which  are  ready  to  be  stretched  or 
extended  under  certain  conditions  by  tlie  application  of  energy, 
which  energy  is  returned  by  the  collapse  of  the  extended  circuits^ 
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This  is  doubtless  but  a  crude  expression  of  the  real  condition  of 
things,  for  the  lines  are  only  symbols  for  a  condition  of  strain  in 
a  medium  which  cannot  be  represented  in  thought,  as  we  know 
nothing  of  its  real  nature.  There  is  one  point  in  this  connection 
wluch  1  must  emphasize.  The  strained  lines,  Fig.  1,  are  indi- 
cations of  stored  energy  in  the  ether,  and  the  lines  cannot  disap- 
pear without  giving  out  that  energy.  Ordinarily  it  makes  its 
appearance  as  the  extra-current,  and  adds  itself  so  as  to  prolong 
the  current  which  extended  the  lines  when  an  attempt  is  made  to 
cut  off  such  current.  Were  it  conceivable  that  the  current  could 
be  cut  off  and  the  wire  put  on  open  circuit  while  the  lines  still 
remained  open  or  strained,  the  energy  must  still  escape  when  the 
field  disappears.  It  would  then  produce  such  a  high  potential 
as  to  be  able  to  discharge  from  the  ends  of  the  conductor,  and  if 
the  conductor  were  of  some  section,  part  of  the  energy  would  be 
expended  in  setting  up  local  currents  in  it.  The  field  could  not 
disappear  without  an  outlet  for  the  energy  it  represents.  But 
we  cannot  cut  off  a  current  in  a  wire  so  as  to  leave  the  wire  on 
open  circuit  while  the  lines  of  the  magnetic  circuit  remain  around 
it  without  having  iron,  steel  or  the  like  in  the  magnetic  circuit. 
We  can  approach  that  condition,  however,  by  breaking  the  cir 
cuit  very  quickly  with  a  condenser  of  limited  capacity  around 
the  break.  This  is  done  in  the  Ruhmkorff  coil  primary;  the  con- 
denser forms  a  sort  of  blind  alley  for  the  extra  current  on  its 
beginning  to  flow  out  of  the  primary  coil.  But  the  condenser 
charges  and  so  backs  up  and  stops  the  (Uscharge  from  the  primary, 
even  giving  a  reverse  current.  The  lines  of  magnetic  force  col- 
lapse, however,  and  have  their  effect  in  .the  enormous  potential 
set  up  in  the  secondary  coil. 

Take  away  the  secondary  coil  so  as  to  stop  that  outlet,  the 
energy  expends  itself  on  the  iron  core  and  the  primary  coil. 
Take  away  the  iron  core  and  the  energy  of  magnetization  of  the 
air  or  ether  core  expends  itself  on  the  wire  of  the  primary 
and,  possibly,  also  on  the  dielectric  of  the  condenser  to  some  ex- 
tent. The  extra  current  becomes  in  this  instance  an  oscillatory 
discharge  of  very  high  period  back  and  forth  through  the  prim- 
ary coil  from  the  condenser,  until  the  energy  is  lost  in  the  heat 
of  C  X  R>  This  conversion  is  doubtless  rendered  all  the  more 
rapid  by  uneven  distribution  of  current  and  eddy  currents  set  up 
in  the  wire  of  the  coil. 

The  considerations  just  given  concern  the  loss  of  fieU^xirfie 
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shortening  and  apparent  disappearance  of  the  magnetic  lines  or 
circnits,  as  giving  rise  to  the  self  induction  or  increased  potential 
on  breaking.  Where  the  energizing  current  is  slowly  cut  off  or 
diminished,  the  energy  is  gradually  transferred  to  the  wire  in 
producing  elevation  of  potential  during  the  decrease ;  and  the 
collapse  and  cutting  of  the  wire  by  the  collapsing  circuits  or  h'nes 
is  then  only  more  gradual. 

Let  the  current  be  returned  to  the  wire  after  disappearance  of 
magnetism  and  the  lines  again  seem  to  emanate  from  the  wire 
and  at  the  same  time  cut  it  and  produce  a  counter  potential  in  it, 
which  is  the  index  of  the  abstraction  of  energy  from  the  circuit, 
and  of  its  storing  up  in  the  form  of  elastically  strained  lines  of 
magnetism  around  the  conductor.  The  effect  is  that  of  self-in- 
duction on  making  or  upon  increase  of  current,  the  measure  of 
the  amount  being  the  energy  stored  in  the  magnetic  circuits 
which  have  been  extended  or  opened  up  by  the  current.  The 
greater  the  current  and  the  shorter  the  path  for  the  lines  devel- 
oped around  the  axis  of  the  conductor  the  greater  the  energy 
stored  up.  Hence,  a  circular  section  conductor  has  the  hi^^hest 
self-induction,  a  tube  of  the  same  section  less  as  its  diameter  in- 
creases, a  flat  strip  lias  less  as  its  width  increases  and  thickness 
diminishes,  a  divided  conductor  much  less  than  a  single  conduc- 
tor of  same  shape  and  section.  Separating  the  strands  of  a 
divided  conductor  increases  the  length  of  magnetic  paths  around 
it  and  so  diminishes  the  self-induction.  A  striking  insfance  of 
tliis  latter  fact  was  developed  in  conveying  very  heavy  alternate 
currents  of  very  low  potential  a  distance  of  about  three  feet  by 
copper  conductors,  the  current  being  used  in  electric  welding 
operations. 

The  conductors  were  built  up  of  flat  thin  strips  of  copper  for 
flexibility.  When  the  strips  were  allowed  to  lie  closely  together 
the  short  conductor  showed  an  enoi-mous  self-induction  which 
cut  down  the  effective  potential  at  its  ends  near  the  work.  By 
spreading  apart  the  strips  so  as  to  lengthen  a  line  around  the 
conductor,  the  self-induction  could  be  easily  made  less  than  S5 
per  cent,  of  what  it  had  been  before.  The  interweaving  of  the 
outgoing  and  return  conductor  strands  as  one  compound  conduc- 
tor, gets  rid  almost  entirely  of  the  self -inductive  effects,  because 
neither  conductor  has  any  free  space  in  which  to  develop  strong 
magnetic  forces,  but  is  opposed  in  effect  everywhere  by  the 
opposite  current  in  its  neighbor.  ^^^^^^^^^  ^^ (^OOglC 
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Where  a  number  of  conductors  are  parallel  and  have  the  same 
direction  of  current,  as  in  a  coil  or  in  a  strand,  it  is  evident  that, 
statically,  the  conductor  may  be  considered  as  replaceable  by  a 
single  conductor  with  the  same  external  dimensions  and  same 
total  current  in  the  area  occupied,  the  magnetic  forces  or  lines 
surrounding  them  being  of  the  same  intensity.  But  with  changing 
current  strength  the  distribution  of  current  in  the  conductor  has 
also  a  powerful  effect  on  the  energy  absorbed  or  given  out  in 
accordance  with  the  magnetism  produced.  Hence  the  self- 
induction  of  a  strand,  coil  or  conductor  of  the  same  section  varies 
with  the  rapidity  of  current  changes,  owing  to  the  conduction 
being  uneven. 

The  uneven  distribution  of  current,  or  its  tendency  to  flow  on 
the  outer  parts  of  a  conductor  when  the  rate  of  variation  or  alter- 
nation is  made  great,  is  in  itself  a  consequence  of  the  fact  that 
less  energy  is  transformed  into  magnetism  in  this  case,  than  when 
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the  current  flows  uniformly  over  the  section  or  is  concentrated 
at  the  centre.  In  other  words,  when  a  uniform  current  traverses 
a  conductor  of  some  section  the  circular  magnetism  or  surround- 
ing magnetic  lines  are  to  be  found  not  only  outside  the  con- 
ductor, but  also  beneath  its  exterior.  Since  in  forming  these 
lines  on  passage  of  current  the  middle  of  the  section  woald  be  sur- 
rounded by  more  lines  than  any  other  part  of  the  conductor,  the 
current  tends  to  keep  out  of  that  part  and  move  near  to  the  ex- 
terior in  greater  amount.  Hence  in  rapidly  alternating  currents 
the  conductor  section  is  practically  lessened,  being  restricted 
largely  to  the  outer  metal  of  the  conductor.  If  the  round  con- 
ductor, Fig.  2,  were  made  of  iron,  the  magnetism  interior  to  it 
and  set  up  by  a  current  in  it  would  be  very  much  greater,  the 
section  of  the  conductor  being  filled  with  magnetic  circuits  or  lines 
around  the  centre.  The  total  magnetism,  external  and  internal, 
would  be  much  greater  in  this  case  for  a  given  current  flow,  and 
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the  energy  absorbed  and  given  out  in  formation  and  loss  of  field, 
or  the  self-induction  would  be  much  increased.  This  could, 
however,  be  greatly  diminished  by  slitting  the  conductor  radially 
or  making  it  of  a  number  of  separate  wires  out  of  lateral  mag- 
netic contact,  one  with  the  other,  Fig.  3.  In  these  cases  the 
resistance  of  the  interior  magnetic  circuits  would  be  increased,  as 
there  would  be  several  breaks  in  the  continuity  around  the  centre 
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of  the  conductor.  The  total  magnetism  which  could  be  set  up 
by  a  current  would  be  lessened,  and  the  self-induction,  therefore, 
lessened. 

The  moment  we  begin  the  bringing  of  iron  into  proximity 
with  an  electric  conductor  conveying  current,  we  provide  a  bet- 
ter medium  for  the  flow  or  development  of  magnetic  lines  or 
circuits.  In  other  words,  the  lines  may  then  be  longer,  yet 
equally  intense,  or  more  lines  may  be  crowded  into  a  given  sec- 
tion of  this  metal  than  in  space  or  air.  Figs.  4a,  4i,  4(?,  show 
the  effect  brought  about  by  bringing  iron  of  different  forms  near 
to  the  conductor. 
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It  shows,  in  other  words,  the  development  of  the  ordinary 
electro-magnet  of  the  horseshoe  form,  and  the  concentration  of 
the  lines  in  the  better  medium.  The  lines  also  tend  to  shorten 
and  diminish  the  resistance  to  their  passage,  so  that  attraction  of 
the  iron  to  the  conductor  takes  place,  and  if  there  is  more  than 
one  piece  of  iron  they  tend  to  string  themselves  around  the  con- 
ductor in  magnetic  contact  with  one  another. 

When  copper  bars  of  one  inch  diameter  are  traversed  by 'cur- 
rents of  40,000  to  60,000  amperes,  as  in  welding  them,  the  mag- 
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netic  forces  just  referred  to  become  so  enormous  that  very  heavv 
masses  of  iron  brought  up  to  the  bar  are  firmly  held,  even  though 
the  current  be  of  ai>-Tilternating  character,  changing  direction 
many  times  a  second. 

When  a  conductor  is  surrounded  by  an  iron  ring,  as  in  Fig. 
5,  the  current  in  such  conductor  has  an  excellent  magnetic 
medium  surrounding  it.  A  large  amount  of  energy  is  then 
abstracted  on  the  first  impulse  of  the  current,  which  goes  to  de- 
velop strong  and  dense  magnetic  lines  through  the  iron  ring  and 
across  the  gap  in  it  On  taking  off  the  current  the  energy  is 
returned  as  an  extra  current,  and  its  force  is  many  times  what  it 
would  be  with  air  alone  surrounding  the  conductor.  We  have 
then  greatly  increased  the  self-induction,  the  storing  of  energy 
and  opposition  to  flow  at  the  beginning,  the  giving  back  of  energy 
and  assistance  to  the  current  flow  on  attempting  to  remove  or 
stop  the  current.  Let  us  now  complete  the  ring  by  making  it  of 
iron,  endless.  Fig.  6,  with  the  conductor  in  the  middle. 


Fig   6.  P>9-  6. 

We  now  find  that  on  passing  current  through  the  conductor  it 
meets  with  a  very  strong  opposing  effect  or  counter  potential.  The 
evolution  of  magnetic  lines  or  the  opening  out  of  magnetic  cir- 
cuits goes  on  at  very  rapid  rate.  Each  line  or  magnetic  circuit 
evolved  and  cutting  the  conductor,  flies  at  once  outward  and 
locates  itself  in  the  iron  ring.  This  ring  can  carry  innumerable 
lines,  and  they  do  not  crowd  one  another.  It  permits  the  lines 
even  to  lengthen  in  reaching  it,  and  yet,  on  account  of  its  low 
resistance  to  their  passage,  the  lengthening  is  equivalent  to  their 
having  shortened  in  other  media.  We  will  suppose  tlie  current 
not  suflScient  to  exhaust  this  peculiar  capacity  for  lines  which  the 
iron  has.  Equilibrium  is  reached,  the  conductor  has  widened  out 
innumerable  closed  circuits  and  caused  them  to  exist  in  the  ring 
still  closed,  but  in  iron,  not  space  or  ether  merely.  The  current 
passing  has  continued  its  action  and  storage  of  energy  until,  to 
emit  another  line  in  view  of  the  resistance  now  found.  iiK  tie 
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Now,  let  us  cufc  off  tlie  current.  We  are  surprised  to  find  a 
very  weak  extra  current,  a  practical  absence  of  self-induction  on 
breaking,  or  at  least  a  giving  out  of  energy  in  no  wise  compar- 
able to  the  absorption  on  making.  Let  us  put  on  the  current  as 
it  was  before.  Another  curious  result.  But  little  s^lf-induction 
now  on  making,  energy  not  absorbed. 

Now  cut  off  the  current  again.  Same  effect  as  before.  Now 
let  us  put  on  the  current  reversed  in  direction.  At  once  we  iind 
a  very  strong  counter  potential  or  opposing  self-induction 
developed. 

The  ring  has  been  polarized,  or  retained  its  magnetic?  energy, 
and  we  are  now  taking  out  one  set  of  lines  and  putting  in  re- 
versely polarized  lines  of  force.  This  done,  we  break  the  revei-sed 
current  without  much  effect  of  self-induction.  The  ring  remains 
polarized  and  inert  until  an  opposite  flow  of  current  be  sent 
through.     Iron  is  then  a  different  medium  from  the  ether. 

The  ring,  once  magnetized,  must,  in  losing  its  magnetism,  per- 
mit a  closure  of  the  lines  by  shortening.  This  involves  their 
passage  from  the  iron  across  the  space  in  the  centre  of  the  ring 
notwithstanding  its  great  resistance  to  the  lines  of  force.  As 
passage  from  iron  to  air  is  equivalent  to  lengthening  of  the  lines 
it  is  readily  seen  that  such  lengthening  may  oppose  more  effect 
than  a  slight  shortening,  due  to  leaving  iron  for  air  or  space,  may 
give  in  provoking  a  closure  and  disappearance  of  the  lines.  Looked 
at  from  another  standpoint,  the  lines  in  the  iron  may  actually 
require  a  small  amount  of  initial  energy  to  dislodge  them  there- 
from, so  that  after  being  dislodged  they  may  collapse  and  yield 
whatever  energy  they  represent. 

I  must  reserve  for  the  future,  further  consideration  of  the  iron 
ring,  but  in  thinking  upon  this  matter  I  am  led  to  imagine  that  the 
production  of  a  magnetic  line  in  an  iron  ring  around  a  conductor 
may  represent  a  sort  of  wave  of  energy,  an  absorption  of  energy 
on  the  evolution  of  the  line  from  the  conductor  and  a  slight  giv- 
ing out  of  energy  on  the  line  reaching  that  position  of  proximity 
to  the  iron  ring  that  its  passage  thereto  may  be  said  to  be  a  short- 
ening  process  or  a  lessening  of  its  resistance. 

The  magnetism  in  air,  gases  and  non-magnetic  bodies,  being 
assumed  to  be  that  of  the  ether,  this  medium  shows  no  such 
effects  as  those  we  get  with  the  ring.  \i  does  not  become  perma- 
nently polarized,  as  does  even  soft  iron  under  the  condition  of  a 
closed  ring.     The  iron  possesses  coercive  force,  or  magnetic  rig- 
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idity,  and  a  steel  ring  would  show  more  of  it.  The  molecules  of 
the  iron  or  steel  take  a  set.  If  we  were  to  cut  the  soft  iron  ring 
or  separate  it  in  any  way,  this  introduction  of  resistance  of  air  for 
ether  in  the  magnetic  circuit  would  cause  the  lines  to  collapse  and 
set  up  a  current  in  the  conductor.  The  energy  of  the  ring  would 
have  been  restored  to  the  latter.  The  curious  thing  is  that  physi- 
cally the  polarized  ring  does  not  present  any  different  appearance 
or  ordinary  properties  different  from  those  of  a  plain  ring,  and 
will  not  deflect  a  compass  needle.  Its  condition  is  discoverable, 
however,  by  the  test  of  self-induction  to  currents  of  different 
direction.  As  a  practical  consideration,  we  may  mention  in 
this  connection  that  a  self-inductive  coil  for  currents  of  one 
direction  must  be  constructed  differently  from  one  to  be 
used  with  alternating  currents.  The  former  must  have  in  its  mag- 
netic circuit  a  section  of  air  or"  the  like,  or  be  an  imperfectly 
closed  circuit,  as  it  were.  The  latter  should  have  as  perfectly 
closed  a  magnetic  circuit  as  can  be  made.  We  see  here  also  the 
futility  of  constructing  a  Ruhmkorff  coil  core  on  the  closed  iron 
magnetic  circuit  plan,  because  the  currents  in  the  primary  are 
interrupted,  not  reversed. 

Tlie  considerations  just  put  forward  in  relation  to  the  closed 
iron  ring,  and  its  passive  character  under  the  condition  of  becom- 
ing polarized,  are  more  important  than  at  first  appears.  It  has 
been  found  that  the  secondary  current  wave  of  a  closed  iron  cir- 
cuit induction  coil  or  transformer,  whose  primary  circuit  receives 
altemarting  current,  is  lagged  from  its  theoretical  position  of  90 
degrees  behind  the  primary  wave,  an  additional  90  degrees,  so 
that  the  phases  of  the  two  currents  are  directly  opposed ;  or  the 
secondary  current,  working  lamps  only  in  its  circuit,  is  one-half  a 
wave  length  behind  the  primary,  instead  of  only  a  quarter  wave 
length,  as  might  have  been  expected. 

But  when  it  is  understood  that  the  iron  core  polarized  in  one 
direction  by  the  primary  impulse  does  not  begin  to  lose  its  mag- 
netism when  that  impulse  simply  weakens,  but  waits  until  an 
actual  reversal  of  current  has  taken  place,  it  will  be  seen  that  the 
secondary  current,  which  can  only  be  produced  when  magnetic 
lines  are  leaving  the  core  and  cutting  the  secondary  coil,  or  when 
the  lines  are  being  evolved  and  passing  into  the  core  from  the 
primary  coil,  will  have  a  beginning  at  the  moment  the  primary 
reverses,  will  continue  during  the  flow  of  that  impulse,  and  will 
end  at  substantially  the  same  time  with  the  primary  impute^ 


ELECTROMOTIVE  FORCE  AND  CURRENT 


28t 


provided  the  work  of  tlie  secondary  current  is  not  expended  in 
overcoming  self-induction,  which  would  introduce  a  further  lag. 
Moreover,  the  direction  of  the  secondai-y  current  will  be  opposite 
to  that  of  the  primary,  becaufee  the  magnetic  circuits  which  are 
opened  up  by  the  primary  current  in  magnetizing  the  core,  or 
which  are  closed  or  collapsed  by  it  in  demagnetizing  the  core, 
will  always  cut  the  secondary  coil  in  the  direction  proper  for  this 
result.  Transformers  of  the  straight  core  type  with  very  soft 
iron  in  the  cores  and  with  not  too  high  rates  of  alternation  should 
approximate  more  nearly  the  theoretical  relation  of  primary  and 
secondary  waves,  because  the  magnetic  changes  in  the  core  are 
capable  of  taking  place  almost  simultaneously  with  the  changes 
of  strength  of  the  primary  current.  This  fact  also  has  other  im- 
portant practical  and  theoretical  bearings. 


FI9.  7. 

I^t  us  assume  a  plain  iron  core,  Fig.  7,  magnetized  as  indi- 
cated, so  that  its  poles  n  s  complete  their  magnetic  circuits  by 
what  is  called  free  field  or  lines  in  space  around  it.  Let  a  coil  of 
wire  be  wound  thereon  as  indicated.  Now  assume  that  the 
magnetism  is  to  be  lost  or  cease,  either  suddenly  or  slowly.  An 
electric  potential  will  be  set  up  in  the  coil,  and  if  it  has  a  circuit, 
work  or  energy  will  be  produced  or  given  out  in  that  circuit,  and 
in  any  other  inductively  related  to  it.  Hence  the  magnetic  field 
represents  work  or  potential  energy.  But  to  develop  potential 
in  the  wire  the  lines  must  cut  the  wire.  This  they  can  do  by 
collapsing  or  closing  on  themselves.  The  bar  seems,  therefore, 
to  lose  its  magnetism  by  gaining  it  all,  and  in  doing  so  all 
the  external  lines  of  force  moving  inward  cut  the  wi|;§od^te 
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magnetic  circuits  shorten  and  short  circuit  themselves  in  the  bar, 
perhaps  as  innumerable  molecular  magnetic  circuits  interior  to 
the  iron  medium.  To  remagnetize  the  bar,  we  may  pass  an 
electric  current  through  the  coil.  The  small  closed  circuits  are 
again  distended,  the  free  field  appears,  and  the  lines  moving  out- 
ward cut  across  the  wire  coil  opposite  to  the  former  direction, 
and  produce  a  counter  potential  in  the  wire,  and  consequent 
absorption  of  the  energy  represented  in  the  free  field  produced. 
As  before  studied,  the  magnetism  cannot  disappear  without  giv- 
ing out  the  energy  it  represents,  even  though  the  wire  coil  be  on 
open  circuit,  and  be  therefore  unable  to  discharge  that  energy.  The 
coil  open  circuited  is  static,  not  dynamic.  In  such  assumed  c^we 
the  lines  in  closing  cut  the  core  and  heat  it.  Let  us,  however, 
laminate  the  core  or  subdivide  it  as  far  as  possible,  and  we  ap- 
pear to  have  cut  oflE  this  escape  for  the  energy.  This  is  not 
really  so,  however.  "We  have  simply  increased  the  possible  rate 
of  speed  of  closure,  or  movement  of  the  lines,  and  so  have  in- 
creased for  the  divided  core  the  intensity  of  the  actions  of  mag- 
netic friction  and  local  currents  in  the  core,  the  latter  still  receiv- 
ing the  energy  of  the  magnetic  circuit.  This  reasoning  is  based 
on  the  possibility  in  this  case  of  cutting  ofE  the  current  in  the 
magnetizing  coil  and  retaining  the  magnetic  field.  This  is  of 
itself  probably  impossible  w\Xh.  soft  iron.  That  the  core  receives 
the  energy  when  the  coil  cannot,  is  shown  in  the  well-known 
fact  that  in  some  dynamos  with  armatures  of  bobbins  on  iron 
cores,  the  running  of  the  armature  coils  on  open  circuit  gives 
rise  to  dangerous  heating  of  the  cores,  and  that  under  normal 
work  the  heating  is  less.  In  the  former  case  the  core  accumu- 
lates the  energy  represented  in  the  magnetic  changes.  In  the 
latter  the  external  circuit  of  the  machine  and  its  wire  coils  take 
the  larger  part  of  the  energy  which  is  expended  in  doing  the 
work  in  the  circuit.  In  this  case,  also,  the  current  in  the  coils 
causes  a  retardation  of  the  speed  of  change  and  extent  of  change 
of  magnetism  in  the  iron  cores,  which  keeps  down  the  intensity 
of  the  magnetic  reaction.  In  fact,  this  retardation  or  lag  and 
reduction  of  range  of  magnetic  change  may  in  some  machines  be 
made  so  great  by  closing  the  circuit  of  the  armature  coils  them 
selves  or  short  circuiting  them,  that  the  total  heat  developed  in 
the  cores  is  much  less  than  under  normal  load. 

I  wish  now,  in  closing,  to  refer  briefly  to  phenomena  of  mov- 
ing lines  of  force,  and  to  the  effects  of  speed  of  movement.  Ogig 


ELECTROMOTIVE  PORCE  AND  CURRENT.  288 

order  to  generate  a  given  potential  in  a  length  of  conductor  we 
have  choice  of  certain  conditions.  We  can  vary  the  strength  of 
field  and  we  can  vary  the  velocity.  We  can  use  a  strong  field 
and  slow  movement  of  conductor,  or  we  can  use  a  weak  field  and 
rapid  movement  of  the  conductor.  But  we  find  also  that  where 
the  conductor  has  large  section  it  is  liable  to  heat  from  eddy  cur- 
rents, caused  by  one  part  of  its  section  being  in  a  stronger  field 
than  another  at  the  same  time.  One  part  cuts  the  lines  where 
they  are  dense  and  the  other  where  they  are  not  dense,  with  the 
result  of  difference  of  potential  and  local  currents,  which  waste 
energy  in  heat.  We  cannot  make  the  conductor  move  in  a  field 
of  uniform  density,  because  it  must  pass  into  and  out  of  the  field. 
The  conditions  just  stated  are  present  in  dynamos  for  heavy  cur- 
rent work,  where  the  speed  of  cutting  of  lines  is  low  and  the 
armature  conductor  large  in  section. 

But  we  find  that  in  a  transformer  secondary  we  can  use  very 
large  section  of  conductor,  even  (as  in  welding  machines)  12  to  15 
square  inches  solid  copper,  without  meeting  appreciable  difficulty 
from  eddy  currents  in  it.  The  magnetic  lines  certainly  cut  the 
heavy  conductor  and  generate  the  heavy  current  and  potential 
needed.  What  difference,  if  any,  exists?  In  the  transformer 
the  currents  are  generated  by  magnetic  field  of  very  low  density,  in 
which  the  lines  are  moving  across  the  conductor  with  extreme 
rapidity.  The  velocity  of  emanation  of  lines  around  the  primary 
coil  is  probably  near  the  velocity  of  light,  and  each  line  passes 
across  the  section  of  the  secondary  conductor  in  a  practically  in- 
appreciable time.  There  is  no  cause  then  for  differences  of  po- 
tential at  different  parts  of  the  section  of  the  heavy  secondary. 
To  avoid  eddy  currents  in  large  conductors  and  generate  useful 
currents  in  them,  we  may  cause  the  conductor  to  be  either  moved 
into  and  out  of  a  low  density  field  with  very  great  speed,  or  better, 
we  may  cause  the  lines  of  a  yotj  low  or  diffused  field  to  traverse 
or  cut  across  the  conductor  with  very  high  velocity. 

It  is  a  known  fact  that  in  dynamos  with  large  section  armature 
conductors  there  are  less  eddy  currents  produced  in  the  conduc- 
tors when  they  are  provided  with  iron  cores  or  wound  upon  iron 
cores,  than  when  the  conductors  are  made  into  flat  bobbins  moved 
in  front  of  field  poles.  Projections  existing  on  the  armature  be- 
tween which  the  conductors  are  placed  have  a  like  effect,  and 
enable  us  to  employ  heavy  bars  or  bundles  of  wire  without  much 
difficulty  from  local  currents.     The  reason  is  simplejOligfcfie 
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armatures  with  coils  without  iron  in  them  or  without  projections 
extending  between  the  turns,  the  conductor  moves  into  and  out  of 
a  very  dense  field  at  comparatively  low  velocity,  eo  that  any  dif- 
ferences of  potential  developed  in  the  parts  of  the  section  of  con- 
ductor have  full  effect  and  abundant  time  to  act  in  setting  up 
harmful  local  currents.  In  the  cases  in  which  iron  projects 
through  the  coil  or  conductor  the  real  action  is  that  the  lines  of 
the  magnetic  circuits  move  at  high  speeds  across  the  conductor, 
and  the  conductor  is  at  all  times  in  a  field  of  veiy  low  density. 
Figs.  8  and  9  will  make  this  plain.  In  Fig.  8  we  have  shown 
a  smooth  armature  surface  having  a  heavy  conductor  laid  thereon, 
and  which  is  at  a  just  entering  a  dense  field  at  the  edge  of  the 
pole  N  and  at  h  leaving  the  field.  It  will  be  seen  that  when  in 
such  a  position  the  conductor,  if  wide,  is  subjected  to  varying 
field  strength  and  moves  at  a  low  speed  for  the  generation  of  the 


Fig.  8. 

working  potential  as  it  passes  through  the  field,  thus  giving  rise 
to  eddy  currents  in  the  conductor. 

In  Fig.  9  the  conductors  are  set  down  between  projections,  in 
which  case  both  armature  and  field  poles  are  laminated  or  sub- 
divided. As  each  projection  leaves  the  edge  of  field  pole  n  the 
lines  which  it  had  concentrated  on  and  through  it  snap  backward 
at  an  enormous  speed  and  cross  the  gap  to  the  next  succeeding 
projection  on  the  armature,  cutting  the  whole  section  of  the 
heavy  armature  conductor  at  practically  the  same  instant.  This 
brisk  transfer  of  lines  goes  on  from  each  projection  to  the  suc- 
ceeding one  in  front  of  the  field  pole,  leaving  a  very  low  density 
of  field  at  any  time  between  the  projections.  The  best  results 
would  be  obtained  when  the  armature  conductor  does  not  project 
beyond  or  quite  fill  the  depth  of  groove  between  the  projections. 
Of  course  there  are  other  remedies  for  the  eddy  curreirt  difficulty, 
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notably  the  stranding  and  twisting  of  the  conductor  on  the  arm- 
ature so  as  to  average  the  position  of  the  parts  of  the  compound 
conductor. 

Perhaps  the  most  extreme  case  of  what  may  be  called  dilution 
of  field  by  projections  and  by  closed  magnetic  circuits  in  trans- 


formers  would  be  that  of  a  block  of  iron,  b,  Fig.  10,  moved 
between  poles  n  and  s,  and  having  a  hole  through  it,  into  and 
through  which  a  conductor  is  carried.  The  path  through  the 
iron  is  so  good  that  we  can  scarcely  consider  that  any  lines  cross 
the  hole  from  n  to  s ;  yet  as  b  moves  forward  there  is  a  continual 
snapping  transfer  of  lines  from  the  right  forward  side  of  the  hole 
to  the  left  or  backward  side,  cutting  the  conductor  as  they  fly 
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across,  and  developing  an  electromotive  force  in  it.  I  have  de- 
scribed this  action  more  in  detail  because  we  have  in  it  whatever 
distinction  in  the  manner  of  cutting  the  lines  of  the  field  is  to  be 
found  between  wire  on  smooth  armatures  and  on  projection  arm- 
atures and  modifications  thereof;  and  also  between  fiat,  open. 
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coils  passing  through  a  iield  and  bobbins  with  cores  of  iron.  The 
considerations  advanced  also  bring  out  the  relation  which  exists 
between  closed  iron  circuit  transformers  and  closed  iron  circuit 
(projection)  dynamos,  as  we  may  call  them. 

I  had  intended  at  the  outset  of  this  paper  to  deal  to  some  ex- 
tent  with  the  propagation  of  lines  of  magnetism  undergoing 
retardation  in  reference  to  alternating  current  motor  devices, 
transformers  with  limited  secondary  current,  or  constant  aver- 
age current,  an  alternating  motor  working  with  what  I  may  term 
a  translation  lag,  etc. ;  but  it  was  soon  found  that  these  matters 
must  remain  over  for  a  continuation  of  this  paper  at  some  future 
time.  My  endeavor  has  been  in  the  present  paper  to  deal  with 
the  lines  of  force  theory  as  though  it  were  a  symbol  of  the 
reality,  but  I  confess  that  it  is  done  with  many  misgivings  that  I 
may  have  carried  it  too  for.  Yet,  if  we  are  to  use  the  idea  at  all, 
it  has  seemed  but  right  to  apply  it  wherever  it  may  throw  any 
light  on  the  subject  or  assist  in  our  understanding  of  phenomena. 


DISCUSSION. 

The  Chairman  (Mr.  Edward  Weston) : — Gentlemen,  we  have 
had  the  pleasure  of  listening  to  a  very  able  and  interesting  ]iaper 
by  Prof.  Thomson,  and  I  am  a  little  sorry  that  we  have  not 
adopted  the  plan  of  circulating  the  papers  prior  to  reading  them, 
so  that  every  one  might  be  fully  prepared  to  discuss  papers  of 
this  character.  A  paper  like  this  requires  considerable  thought 
in  its  preparation,  and  to  discuss  it  intelligently  necessitates  con- 
siderable thought.  However,  the  matter  is  open  for  discussion 
and  we  shall  be  glad  to  hear  any  remarks. 

Prop.  M.  M.  Garver  : — Prof.  Thomson  states  that  the  phase 
with  the  closed  iron  was  thrown  back  90  degrees  farther  so  that 
it  was  exactly  opposite  to  that  of  the  primary.  That  would  fur- 
nish conditions  favorable  to  producing  a  magnetic  rotation  by 
using  the  primary  to  excite  one  coil  and  the  secondary  to  excite 
another  at  right  angles. 

Prof.  Thomson  : — No  ;  the  angular  position  in  this  case  would 
be  180  degrees,  not  90.  The  theoretical  position  is  90  -f-  90, 
which  gives  180  degrees  lag.  That  does  not  give  you  what  you 
desire. 

Dr.  Otto  A.  Moses  : — I  listened  with  a  great  deal  of  attention 
and  much  pleasure  to  the  very  able  paper  of  Prof.  Thomson,  and 

Digitized  by  VjOOQIC 


DISCUSSION.  287 

admire  it  exceedingly.  But  one  of  the  strong  cautions  that  Far- 
aday gives,  is  that  we  should  be  very  careful  how  we  build 
scaffolding,  because  we  have  to  take  it  down  afterwards.  There 
is  an  interesting  hypothesis — I  might  almost  call  it  nebular  hypo- 
thesis— that  emanated  from  Prof.  Thomson  which  was  at  first 
blush  exceedingly  attractive,  where  he  speaks  of  the  expansion 
and  drawing  together  again  of  certain  rings  aroimd  a  conductor. 
That  is  very  pretty  at  the  first  glance,  but  there  seems  to  me  one 
insuperable  objection,  to  which  I  would  like  to  call  his  attention. 
Perhaps  he  may  remove  it  from  me  instantly.  But  I  cannot 
conceive  of  a  line  of  force  closed  upon  itself  expanding  and  pro- 
ducing flow.  When  the  electric  force  emanates  from  a  con- 
ductor in  the  form  of  a  ring  how  can  it  by  a  recession  upon  itself 
cut  lines  of  force  and  produce  a  flow  ?  There  would  be  a  flow 
in  one  half  of  the  line  and  there  would  be  a  corresponding 
negative  flow  in  the  other  half.  So  that  that  hypothesis,  in  my 
mind,  does  not  furnish  a  satisfactory  explanation  of  the  flow 
which  he  tried  to  describe. 

Prof.  Thomson  : — I  do  not  understand  to  what  flow  you  refer 
particularly  in  this  case — ^the  flow  of  the  lines  or  the  flow  of  the 
current  ?  ' 

Dr.  Moses  : — The  flow  of  the  current  engendering  as  you  say 
this  action,  which  twined  back  as  it  were  upon  itself,  produces 
the  current. 

Prof.  Thomson  : — I  do  not  think  I  have  advanced  any  explan- 
ation of  just  exactly  how  that  effect  is  brought  about.  I  was 
dealing  with  the  effect  itself.  There  is  something  which  we  call 
the  magnetic  field  indicating  strains  in  the  ether.  Those  strains 
appear  to  me  to  be  relieved  by  collapsing  upon  a  conductor. 
Now,  it  is  a  fact  that  when  they  collapse  they  give  energy  to  the 
conductor,  how,  I  don't  know.  I  do  not  think  I  advanced  any 
reasoning  on  that  point. 

Mr.  Wetzler  : — I  do  not  like  to  prolong  this  discussion  seeing 
that  there  are  other  papers  to  be  read,  but  I  merely  rise  to  re- 
mark that  some  four  or  five  years  ago,  in  a  lecture  delivered 
before  the  New  York  Electrical  Society,  Mr.  Mailloux,  in  at- 
tempting to  explain  the  manner  of  electro-magnetic  induction, 
employed  an  analogy  somewhat  similar  to  that  which  Prof. 
Thomson  has  just  brought  before  us,  likening  lines  of  force  to 
springs  and  the  snapping  of  them  on  the  passage  of  the  conduc- 
tor.    Possibly  he  may  have  a  few  words  to  say  on  the  ^bJBct^^i 
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Mr.  C.  O.  Mailloxtx  : — I  thank  Mr.  Wetzler  for  recalling  the 
circnmstance.  I  did  deliver  a  lecture  before  the  Electrical 
Society,  in  1883,  which  was  reported  at  some  length  in  the 
Electrical  World  of  March  10th.  That  gives  a  fair  idea  of  the 
principles  which  I  advanced  at  that  time.  I  also  sent  a  contribu- 
tion some  time  previous  to  that,  to  the  London  Electrician,  pub- 
lished in  July,  I  think,  1880,  which  briefly  refers  to  the  fact. 
The  conception  came  to  me  as  the  result  of  some  original  inves- 
tigations, which  I  made  in  1879,  while  investigating  a  phenome- 
non which  was  thrust  upon  the  world  by  an  itinerant  inventor  by 
the  name  of  Garey.  He  brought  out  a  peculiar  magnetic  phe- 
nomenon wherein,  he  thought,  he  had  observed  a  neutral  point 
in  the  magnetic  field  not  far  off  from  the  pole.  I  wrote  a  paper  on 
the  subject  which  was  illustrated  with  some  carefully  prepared  mag- 
netic spectra,  and  I  must  acknowledge  that  the  paper  was  sent 
and  returned  to  me  as  not  being  considered  fit  for  publication. 
Whether  the  subject  was  too  far  advanced  for  their  ideas  (laugh- 
ter) or  what  was  the  matter,  I  do  not  know.  At  any  rate  I  received 
a  polite  letter  stating  that  they  did  not  care  to  use  the  matter, 
and  I  still  have  the  paper.  I  have  often  thought  that  perhaps 
there  was  a  chance  to  immortalize  myself  in  a  mild  way  in  seeing 
what  has  come  out  since,  and  I  have  several  times  started  out  to 
publish  these  spectra.  One  or  two  of  them  will  be  found  published 
in  the  Electrical  World  with  the  report  of  that  lecture.  The 
.  others  I  still  have  in  my  possession. 

I  would  say  that  it  is  too  late  for  me  now  to  enter  at  any 
length  into  the  discussion  of  Prof.  Elihu  Thomson's  paper,  but, 
that  perhaps,  it  will  be  better  for  me  to  send  in  a  contribution  as 
a  sort  of  appendix  to  his  paper.  There  are  some  points  in  winch 
he  and  I  would  be  probably  found  to  differ.  I  have  believed  in 
the  theory  of  the  elasticity  of  lines  of  force  for  some  years.  I 
employed  the  term  resiliency  in  my  lecture,  and  I  still  adhere  to 
it,  as  being  in  my  opinion,  somewhat  more  appropriate,  and  I 
have  believed  for  a  long  time  that  when  the  mathematical  theory 
of  elasticity  shall  have  been  developed  to  a  sufficient  point  that 
we  shall  have  all  of  the  data  necessary  for  working  out  a  perfect 
theory  of  magnetism.  In  other  words,  I  believe  that  magnetism 
is  nothing  more  than  a  manifestation  due  to  the  elasticity  of  the 
surrounding  medium ;  that  it  is  an  elastic  disturbance,  and  I  may 
state  in  passing,  that  it  is  here  that  I  differ  with  the  conception 
advanced  by  Faraday  and  Prof.  Thomson  as  to  the  shortening; of 
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the  lines  of  force.  I  think  that  the  idea  of  shortening  is  rather 
vague.  I  hardly  think  that  we  can  say  that  lines  of  force  shorten 
as  such.  It  would  probably  be  more  appropriate  to  express  it  in 
some  other  way.  What  seems  to  us  to  be  shortening  is  probably 
merely  the  manifestation  of  some  other  phenomenon. 

Another  point  is  the  snapping  of  the  lines  of  force.  I  shall 
endeavor  to  present  some  experiments  which  illustrate  the  fact 
that  lines  of  force  do  snap  and  break,  as  I  did  in  the  lectnre  of 
1883,  and  that  the  snapping  is  not  simultaneous. 

I  ¥dll  say  in  justice  to  Prof.  Thomson,  that  he  has  elaborated 
the  conception  far  beyond  what  I  have  done  myself ;  and  that  he 
has  pointed  out  conclusions  which  are  perfectly  logical,  and  which 
do  not  appear  to  me  to  be  questionable  for  one  moment,  and 
which  ought  to  be  of  the  greatest  theoretical  and  industrial  value, 
and  that  I  consider  the  paper  which  he  has  presented  to  us  to- 
day as  one  of  the  most  valuable  papers,  without  any  disparage- 
ment to  the  others. 

Mb.  J.  P.  WiNTBiNOHAM : — I  would  like  to  ask  a  single  ques- 
tion. In  the  closed  iron  ring  the  magnetism  is  retained  in  store 
and  it  is  not  destroyed  until  a  contrary  current  is  sent  through 
the  wire ;  suppose  there  was  a  very  small  current  in  the  contrary 
direction,  would  the  magnetism  of  the  ring  suddenly  collapse  at 
some  certain  point} 

Prof.  Thomson  : — Hardly,  I  think.  There  might  be  a  weaken- 
ing due  to  the  passage  of  the  current,  but  until  the  current  be- 
comes of  sufficient  power  to  practically  overturn  all  the  lines, 
the  sudden  collapse  could  not  take  place.  It  is  true  that  there  is 
a  good  field  for  experiment,  to  see  just  exactly  how  much  current 
would  be  necessary  to  take  out  the  magnetism  of  a  closed  ring. 
It  would  depend,  I  think,  on  the  coercive  force  present.  If  the 
iron  were  hard,  a  larger  current  would  be  needed  than  in  the 
case  of  exceedingly  soft  iron,  which  approaches  perfect  freedom 
of  motion  as  far  as  these  lines  go. 

Db.  Loins  Duncan  : — ^I  made  some  experiments  on  that  ques- 
tion. In  the  first  place,  with  alternating  currents  we  used  a 
transformer  and  an  induction  coil  of  about  the  same  capacity 
that  Prof.  Thomson  spoke  of,  one  with  closed  and  the  other  with 
open  circuit.  "We  got  very  much  the  result  that  he  predicted 
in  theory.  That  is,  the  difference  in  phase  in  the  closed  circuit 
transformer  was  about  180  degrees ;  in  the  other  it  was  about  90. 
As  to  the  collapsing  of  the  lines  of  force,  it  is  gradual.    After 
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the  current  begins  to  reverse,  the  number  of  lines  of  force  at  first 
gradually  decrease,  and  then  decrease  faster ;  but  it  takes  about 
one-fourth  of  the  force  with  soft  iron  that  it  takes  to  saturate  the 
iron. 

Mr.  Geo.  H.  Stockbeidge: — I  shall  not  attempt  to  discuss 
Prof.  Thomson's  paper  from  a  scientific  point  of  view,  but  it 
seems  to  me  that  it  is  of  interest  on  other  grounds,  as  being 
a  theoretical  treatment  of  an  important  subject  before  the 
American  Institute  of  Electrical  Engineers.  Such  papers  have 
been  presented  here  before,  it  is  true,  but  they  are  out  of 
the  line  of  most  of  our  work  here  in  America  and  are,  for  that 
reason,  noteworthy.  Allusion  was  made  at  the  meeting  last 
evening  to  the  fact  that  electrical  science  has  been  developed  in 
this  country  in  the  factories  and  not  in  the  laboratories,  and  that 
the  commercial  interests  involved  have  been  at  war  with  the 
scientific. 

This  has  been  undoubtedly  a  striking  characteristic  of  our 
work,  and  has  led  to  the  charge  that  our  methods  are  hap-hazard 
and  unscientific;  and  in  view  of  the  silence  of  even  our  best 
known  inventors  on  purely  scientific  phases  of  their  work,  the 
charge  is  not  to  be  wondered  at.  One  who  is  on  the  ground  can 
understand  why  the  consideration  of  patent  rights  and  business 
emulation  should  keep  the  mouths  of  inventors  closed,  but  to  an 
outsider  it  is  not  so  clear.  These  business  considerations,  again, 
are  of  far  greater  importance  in  a  country  where  the  people,  less 
fettered  by  tradition,  eagerly  demand  every  improvement,  and  so 
provide  rewards  for  him  who  is  first  in  the  field. 

While  these  facts  explain  the  nature  of  our  inventive  record, 
it  is  to  be  feared  that  the  conditions  made  necessary  by  the  facts 
— I  mean  the  conditions  of  silence  and  secrecy  and  the  hurry  to 
get  ahead  of  somebody  else — ^have  tended  to  make  our  methods 
really  unscientific  and  hap-hazard.  Some  of  our  successful 
electrical  inventors  have  learned  all  they  ever  knew  in  the  factory, 
and  have  gone  on  to  a  happy-go-lucky  success  without  much  idea 
of  what  they  were  doing  and  what  was  the  force  with  which 
they  were  dealing.  It  is  certain,  at  least,  that  the  hurried 
methods  induced  by  competition  have  produced  with  some,  the 
absolutely  unscientific  habit  of  neglecting  to  make  a  proper  record 
of  experiments.  There  is  no  excuse  for  lighting  one's  cigar  with 
a  ten  dollar  bill,  and  it  is  equally  unpardonable  to  neglect  to  pre- 
serve for  the  benefit  of  others  the  details  of  an  experim^t; 
did  not  happen  to  prove  of  value  to  one's  self.       ^  ^^^    ^ 
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This  state  of  things  makes  its  own  comment  upon  a  paper  like 
Prof.  Thomson's.  If  any  of  yon  should  take  the  pains  to  look 
back  through  the  files  of  the  Institute's  transactions,  you  cannot 
fail  to  note  that  the  majority  of  the  papers  dealing  with  theories 
have  been  presented  to  the  Institute  by  those  bearing,  like  the 
reader  of  the  present  paper,  a  title  indicating  the  teacher.  Profs. 
Anthony  and  Bowland,  Dr.  Duncan  and  Prof.  Mchols  are  names 
which  will  occur  to  yt^n  at  once.  In  other  words,  the  results 
show  that  laboratory  training  is,  after  all,  the  one  which  gives 
us  the  instinct  toward  a  study  of  the  laws,  and  a  desire  to  formu- 
late them  for  the  general  benefit.  It  is  a  matter  of  congratula- 
tion that  the  instinct  and  the  desire  have  remained  with  Prof. 
Thomson,  even  after  a  protracted  training  in  the  bad  scientific 
school  of  the  factory. 

The  Chairma.n  (Mr.  Weston) : — I  would  like  myself  to  make 
a  few  observations.  The  subject  is  a  very  interesting  one,  and  1 
do  not  like  to  cut  the  discussion  too  short,  but  we  have  not  very 
much  time  left.  As  I  understand  Prof.  Thomson,  he  does  not 
intend  to  present  any  new  theory  to  explain  the  mechanical  pro- 
cesses or  movements  that  take  place  in  the  production  of  a  cur- 
rent or  a  magnetic  circuit.  He  takes  advantage  of  the  previously 
existing  theories  and  brings  before  us  a  mass  of  facts  of  great 
importance  in  relation  to  the  practical  application  of  the  princi- 
ples involved.  I  doubt  whether  any  one  has  had  as  clear  a  con- 
ception of  the  action  of  the  transformer,  as  has  been  presented 
here  to-day.  Lines  of  force  are  not  new,  nor  is  their  study  a 
new  subject.  Faraday  was  not  the  originator  of  them,  as  is  com- 
monly supposed ;  but  Sturgeon  :  one  of  the  men  who  did  a  vast 
amount  of  useful  work  in  the  early  history  of  electrical  science,  but 
whose  name  is  very  seldom  seen  or  referred  to.  He  was  so  over- 
shadowed by  Faraday's  researches,  living  at  the  same  time  as 
Faraday,  that  his  work  has  never  been  fully  appreciated.  He,  I 
think,  was  the  first  man  to  call  them  lines  of  force,  I  may  be 
mistaken  about  that.  It  may  be  that  there  was  the  equivalent  of 
the  lines  of  force  in  the  work  of  the  celebrated  Gilbert.  His 
description  and  also  his  cuts  indicate  that  he  had  a  pretty  clear  con- 
ception of  the  subject,  but  it  appears  Sturgeon  is  entitled  to  more 
credit  than  is  generally  given  him.  The  question  as  to  what  is 
the  actual  mode  of  action  of  these  forces  is  one  that  we  cannot 
penetrate  or  appreciate  fully  yet.  Science  has  got  to  wait,  prob- 
ably for  some  centuries.    We  are  getting  clearer,  notions  of  the 
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matter,  for  we  have  now  notions  which  did  not  exist  a  few  years 
ago.  We  have  got  a  clear  conception  that  there  is  snch  a  thing 
as  a  magnetic  circuit  and  snch  a  thing  as  magnetic  resistance.  We 
have  got  a  notion  that  there  is  snch  a  thing  as  an  indnctive  cir- 
cuit and  inductive  resistance,  and  we  have  got  a  notion  that  there 
is  a  conductive  circuit  and  conductive  resistance.  Kow,  those 
terms  are  employed  in  a  rather  free  manner,  because  there  is 
very  little  doubt  that  the  actions  themselves  are  very  closely 
allied  and  related  to  each  other.  These  notions  have,  however, 
helped  us  in  our  practical  work  a  great  deal.  That  we  shall  be 
obliged  to  abandon  finally  the  lines  of  force  theory,  I  think  is 
likely.  It  is  simply  a  temporary  expedient  to  enable  us  to  get  a 
fair  conception  of  certain  actions  that  do  take  place  in  accordance 
with  certain  laws ;  just  as  the  atomic  theory  in  chemistry  will  dis- 
appear unquestionably  as  the  mathematical  relations  of  the 
elements  to  each  other  become  more  clearly  understood.  They 
are  useful  hypotheses,  but  only  hypotheses,  and  the  application 
of  them  is  not  injurious.  The  subject  is  too  large  to  discuss  very 
fully.  I  had  made  quite  a  number  of  notes,  but  I  shall  have  to 
stop  and  tender  the  chair  to  Prof.  Thomson. 

President  Thomson  here  took  the  chair  and  said : 

I  would  like  to  make  an  announcement  which  I  believe  is  in 
accordance  with  the  ideas  of  the  Institute,  that  where  there  is  not 
a  chance  for  discussion  and  the  time  is  short,  it  would  be  just  as 
well  to  adopt  the  plan  that  is  often  adopted  under  similar  con. 
ditions  in  other  societies ;  to  have  each  one  write  what  he  wishes 
to  say  on  the  subject  and  turn  it  in  to  be  published  in  the  pro- 
ceedings. I  think  that  would  enable  us  to  get  more  matter  into 
a  discussion,  and  often  times  carefully  selected  matter. 

Me.  Weston  : — I  would  suggest  at  the  same  time  that  it  would 
be  very  much  easier  for  those  who  take  part  in  the  discussion  if 
they  had  copies  of  the  papers.  It  is  very  difficult  with  the  pres- 
sure of  other  matters  to  keep  in  mind  all  the  points  that  have 
come  up,  unless  you  have  the  papers  before  you. 

The  President  : — ^Many  of  the  societies  have  adopted  that 
plan  and  they  find  it  works  with  excellent  satisfaction,  and  I 
think  we  will  have  to  come  to  it. 

A  paper  on  the  Relation  between  the  Initial  and  the  Average 
Efficiency  of  Incandescent  Lamps  was  then  read  by  Mr.  W.  H. 
Peirce  as  follows : 


Digitized  by 


Google 


A  paper  read  he/ore  the  American  Institute  of  EUctriceU 
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therein. 


THE    EELATION   BETWEEN   THE  INITIAL   AND 
AVERAGE   EFFICIENCY  OF    INCANDESCENT 
ELECTRIC  LAMPS. 


BY   WM.  H.  PEIBCE. 

At  the  present  day  there  is  yery  little  reliable  published  infor- 
mation relative  to  the  variation  with  age  of  the  economy  and 
light  giving  power  of  incandescent  lamps.  However  well  this 
law  of  variation  may  be  known  to  lamp  experts,  the  author  be- 
lieves himself  to  be  justified  in  saying  that  the  majority  of  elec- 
trical engineers  are  entirely  unacquainted  with  it.  The  most 
complete  data,  and  the  latest,  at  least  in  this  country,  is  that 
given  in  a  report  in  1885,  to  the  Franklin  Institute  by  a  com- 
mittee appointed  to  test  lamps  and  dynamos.  At  that  time  the 
successful  commercial  lamp  was  but  two  or  three  years  old,  and 
since  then  the  development  of  lighting  by  incandescence  has 
been  so  remarkable  as  to  cause  this  lamp  test  now  to  be  almost 
ancient  history.  When  considering  the  possibilities  of  incandes- 
cent lighting  in  depots,  offices  and  shops,  the  fact  of  the  absence  of 
trustworthy  records  of  late  date  induced  the  following  investi- 
gation to  be  made  by  the  author  in  the  interest  of  the  Chicago, 
Burlington  and  Quincy  Railroad  Company. 

There  were  in  all  94  lamps  studied,  embracing  4  of  the  most 
prominent  makes  of  lamps  now  on  the  market.  Fifty-nine  of 
these  were  purchased — 15  of  three  kinds  and  14  of  one  type  of 
lamp.  Care  was  exercised  to  obtain  the  commercial  lamp.  After 
the  preliminary  measurements  had  been  made  upon  these  59 
lamps,  the  local  agents  for  them  were  invited  to  make  examin- 
ation of  the  test  room  and  of  the  methods  pursued,  and  as  an 
outcome  of  their  visits  the  remaining  35  lamps  were  tested  upon 
their  solicitation.  These  last  lamps  were  in  every  case  sent  direct 
from  their  respective  factories  especially  for  this  test,  which  fact,  I 
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am  rather  prone  to  construe  as  a  vote  of  confidence  by  the  various 
lamp  companies  in  our  system  of  measurements. 

The  Howell  voltmeter  was  used  for  determining  the  volts  in 
all  measurements,  and  the  following  is  a  brief- description  of  its 
principle :  The  pressure  to  be  measured  is  caused  to  drop  through 
the  resistance  ap,  Fig.  1,  equal  to  about  4,500  ohms,  and  a 
Daniell  cell  b  is  so  arranged  that  when  the  key  k  is  closed  the 
electromotive  force  between  c  d  is  opposed  by  that  of  the  battery, 
and  hence  no  cfurrent  passes  through  the  galvanometer  c,  when 
the  electromotive  force  between  o  and  d  is  equal  to  that  of 
the  cell.     In  practice  the  rider  c  is  moved  along  the  resistance 


Fifl.  i. 

until  no  current  flows  through  the  galvanometer,  and  the  electro- 
motive force  between  a  d  is  then  determined  from  the  formula : 

R  R 

V«-v 1.08—;  where 

r  r 

F=  Volts  between  A  D, 

v= Volts  between  C  2?«-=electromotive  force  of  cell. 

iJ^Resistance  A  Dm  ohms. 

/•==  Resistance  p  D  in  ohms. 

Naturally  the  completed  instrument  avoids  this  calculation  for 
each  observation  by  having  the  rider  c  move  along  a  scale  reading 
to  volts.  With  the  instrument  used  it  was  found  that  when  the 
rider  pointed  to  110  volts  that  i?=4,493  and  r=44.4,  and  hence 
F=  109.3.  Similarly,  when  the  instrument  read  100  volts,  the 
true  reading  should  have  been  99.4,  and  so  when  making  observa- 
tions a  correction  of  .6  volts  was  applied.  The  electromotive 
force  of  the  cells  was  1.08  volts,  as  determined  at  the  laboratory 
of  the  Edison  Lamp  Works.  The  correctness  of  our  voltage  in- 
dications being  thus  dependent  upon  the  battery,  a  standard 
liable  to  variation,  it  was  decided  to  frequently  obtain  new  cells  di- 
rect, from  the  lamp  company's  laboratory.  In  the  early  part  of 
the  test  considerable  care  was  exercised  in  comparing  the  voltmeter 
with  four  or  five  others  at  hand,  and  just  before  starting  the 
duration  test,  four  new  cells  were  obtained,  and  at  intervals  others 
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were  added,  as  shown  by  the  following  table,  untU  ten  in  all 
were  had.  In  table  No.  1  the  cells  are  numbered  from  1  to  10, 
in  the  order  of  their  obtainment.  Those  cells  which  checked 
with  one  another  are  marked  O.  K.  ,  The  last  received  cells  were 
always  assumed  to  be  correct,  and  where  the  old  cells  differed 
from  them  the  amount  of  variation  is  given  in  per  cent,  of  the 
electromotive  force  of  the  cell. 

Table  No.  1. 


a 


V 
2. 
8 

4, 
5. 
6. 
7. 
8. 
9. 
10. 


i 


O.  K. 

Low 

O.  K. 

O.  K. 


S 


O.  K. 
Low 
O.  K. 
O.  K. 
O.  K. 
O.  K. 


O.  K. 
Low 
O.  K. 
O.  K. 
0.  K. 
O.  K. 


g 


O.  K. 
Low 
O.  K. 
O.  K. 
O.  K. 
O.  K. 


^%  low 
\%  low 
\%  low 
\%  low 
\%  low 
O.  K. 
O,  K. 
O.  K. 


I 


U^  low 
15^  low 
Ijf  low 
fjtlow 
iJ^low 
O.  K. 
O.  K. 
broken 


UjT  low 
l^low 
\%  low 
i$;iow 
i$?low 
O.  K- 
O.  K. 

O.  K. 
O.  K. 


In  this  table  it  is  shown  that  on  December  27th  and  January 
8th,  all  four  cells  were  apparently  correct — that  is  they  check 
with  one  another.  That  on  January  16th,  three  cells  out  of  four ; 
January  26th,  February  11th,  February  27th,  five  of  six  cells; 
March  14th,  three  of  eight  cells ;  April  Ist,  two  of  seven  cells, 
and  April  29th,  four  of  the  nine  cells  were  O.  K.  And  further, 
that  the  maximum  variations  at  any  time  between  any  two  cells 
was  li  per  cent.  It  is  thus  seen  that  we  are  reasonably  assured 
that  our  electromotive  force  was  practically  constant. 

The  cells  were  mounted  on  a  switch-board,  so  that  any  two  or 
all  of  them  could  be  connected  in  multiple  series  by  inserting 
plugs,  and  they  were  compared  with  each  other  by  rapidly  sub- 
stituting first  one  and  then  another  of  the  cells  in  the  voltmeter 
while  measuring  the  electromotive  force  of  the  test  room  circuit. 
The  last  two  or  three  cells  received  were  always  used  when  mak- 
ing determinations  on  lamps. 

The  ammeter  was  of  the  Bergmann  solenoid  type,  having  a 
range  of  from  .2  to  1.0  ampere.     The  readings  of  the  instrument  ^ 
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were  calibrated  at  the  beginning  of  the  test  by  copper  voltame- 
ters, the  CuSOi  solution  of  which  had  a  specific  gravity  approxi- 
mating 1.16  and  the  area  of  the  cathode  was  4  square  inches  per 
ampere  measured.  The  coulomb  equivalent  was  taken  as  .0008288 
gr.  The  arrangement  for  calibration  was  as  sketched  in  Fig.  2, 
where  a  is  the  ammeter,  l  a  lamp  to  consume  the  electrical 
energy,  p  a  voltmeter,  and  b  an  adjustable  resistance  for  keeping 
the  pressure  uniform  at  the  lamp  terminals,  as  indicated  by  the 
voltmeter,  and  hence  to  insure  constancy  of  current.  The  circuit 
through  the  voltameters  was  kept  closed  for  fifteen  minutes  as 
timed  by  a  stop  watch.  Extreme  care  was  exercised  in  prepar- 
ing the  plates  and  the  preventing  of  oxidation  between 
weighings.  The  following  table  shows  the  current  indicated  by 
the  ammeter  and  that  obtained  by  the  voltameters  in  the  last 
made  calibration  by  copper  voltameters. 


p.  a 


_S 


On; 


B 


Fli.t. 


Table  No.  2. 

Keadings  of 

Readings  of 

Readings  of 

Readings  of 

ammeter. 

voltameters. 

ammeter. 

voltameters. 

.800 

.297 

.896 

.700 

.699           .692 

.850 

.850 

.847 

.750 

.745 

.400 

.899 

.898 

.800 

.791            .796 

.450 

.450 

.451 

.850 

.844           .840 

.500 

.498 

.498 

.900 

.896           .894 

.550 

.549 

.545 

.950 

.947            .948 

.600 

.588 

.588 

1.000 

.994            .998 

.650 

.685 

.641 

This  table  shows  that  the  ammeter  was  calibrated  at  every  .05 
of  an  ampere  from  .8  to  1.0  ampere,  and  that  the  maximum  vari- 
ation between  the  voltameter  and  ammeter  readings  was  about  .01 
ampere,  and  that  generally  the  two  readings  checked  to  within 
.005  ampere. 

After  these  determinations  the  scale  was  changed  to  such  an 
extent  as  was  estimated  would  correct  the  readings  of  the 
ammeter.  ,  v^^^i^ 
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The  photometer  was  a  60-mch  bar,  Letheby-BunBen,  in  com- 
bination with  the  Methven  two  candle  slit.  The  Methven  stand- 
ard was  accompanied  by  a  certificate  signed  by  John  Methven, 
stating  that  a  two-candle  power  light  was  emitted  through  the 
slit,  when  the  quality  of  the  gas  used  was  such  as  to  give  from  1 5 
to  20  candles  with  a  flame  three  inches  high.  In  order  to  prove 
the  correctness  of  this  standard  when  using  Chicago  gas,  a  com- 
parison with  Suggs'  standard  sperm  candles  was  instituted.  Ten 
different  candles  were  used,  two  at  a  time,  and  the  observations 
were  made  in  accordance  with  the  rules  of  the  London  gas  refer- 
ees. Table  No.  3  shows  that  the  Methven  standard  varied  less 
than  1  per  cent,  from  the  power  of  two  standard  sperm  candles ; 
this  conclusion  being  based  upon  100  observations. 

Table  No.  3. 

gohfaiuson  of  methven  standard  two-oandle  slti  wtth  scggs' 

standard  candles. 


Series. 


1 


P     U 


4^ 


>  he 

*  P 


1^ 


2.... 
3.... 
4  ... 
5.... 
6.  . 
7.... 
8... 
9  ... 
16.... 


Suggs. 


40 
40 
40 
40 
40 
40 
40 
40 
40 
40 


118.0 
114.8 
116  1 
114.6 
114.8 
114  9 
118.8 
119.2 
114  2 
118.8 


lO'lOi' 

10'28i' 

lO'aOi" 

10'27i' 

10'28i' 

10'26' 

10'  6^" 

10'  4i" 

lO'Sr 

lO'SS" 


1.968 
2.084 
2.064 
2.010 
2.080 
2.140 
2.090 
2.088 
2.068 
2.066 


1.936 
1.942 
1.998 
1.920 
1.984 
2.050 
2.008 
2.024 
1.966 
1  960 


Grand  average  of  100  observations 1 .984 


It  was  recognized  that  in  a  test  of  this  kind  the  four  factors  most 
liable  to  variation  were  the  voltage,  the  current  readings,  the 
standard  of  light  and  the  personal  errors  of  the  observers.  It 
was  considered  that  the  most  certain  and  most  practical  way  in 
which  to  guard  against  such  errors  would  be  to  measure  the  can- 
dle power,  the  voltage  and  the  current  upon  several  lamps,  and 
to  put  these  lamps  aside  to  be  used  only  as  reference  Jamps. 
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Accordingly  five  lamps,  which  had  previoualy  been  allowed  to 
burn  at  an  abnormal  voltage  for  nearly  100  hours,  had  for  them 
the  above  several  quantities  determined,  and  the  correctness  of 
the  apparatus  and  personal  readings  were  checked  up  by  the  ref- 
erence lamps  whenever  observations  on  the  test  lamps  were  about 
to  be  made.  Table  No.  4  exhibits  the  readings  of  these  lamps. 
It  will  be  seen  that  the  candle  power  determinations  vary  from 
about  4  per  cent,  below  to  4  per  cent,  above  the  first  readings  made 
on  the  lamps,  and  hence  this  table  proves  conclusively  that  the 
conditions  of  the  test  were  essentially  the  same  at  all  times  of  its 
duration.  In  addition  it  may  be  said  that  for  the  determination 
of  the  candle  power  of  these  lamps  the  mean  of  five  observations 
at  the  same  point  was  always  taken. 

Table  No.  4. 
readings  of  reference  lamps. 


L&mp  No.  1 

Lamp  No.  2  {Lamp 

No.  8 

Lamp  No.  4 

Lamp  No.  5 
100  volts. 

101  volts. 

101  volts. 

100  volts. 

190  volts. 

Date. 

' 

g 

g     > 

I 

I 

j£ 

1 

Is 

1 

< 

d 

1 

d 

t 

1.2  89 

9.94 

.505 

9.24 

.490  1  9.40 

.480 

9.94 

.495 

9.08 

.490 

1.8.- 

10.10 

.505 

■ 

1.11.- 

10.20 

,505 

1.15.- 

10  20 

.500 

9.80 

.495 

9.40 

.488 

1.16.- 

10.80 

.500 

1  26.- 

9.80 

.500 

9.80 

,490 

2.11.- 

9  56 

.500 

8.90 

485 

9.80 

.485 

2.27- 

9.92 

.500 

2.28.- 

9.66 

.500 

8.14.- 

9.80 

.490 

3.15.- 

10.20 

.605 

9.80 

.485 

4.1.- 

9.90 

.600 

4.29.- 

9.70 

.505 

10.1  '  .500 

9.8       .490 

The  lamp  test  was  started  in  August,  1888,  at  which  time  all 
instruments  were  calibrated,  and  preliminary  measurements 
were  made  on  quite  a  number  of  lamps.  On  account,  however, 
of  press  of  other  work,  the  test  was  shortly  afterward  dropped 
until  late  in  December.  All  apparatus  and  lamps  remained  dur- 
ing this  interval  untouched  in  the  test  room,  and  when  again 
taking  up  the  subject  in  December,  the  continued  correctness  of 
the  instruments  was  proven  by  the  fact  that  all  of  some  ten  or 
twelve  lamps  tested  out  then  as  previously. 
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In  the  preliminary  measurementB  of  new  lamps  the  mean 
horizontal  candle  power  and  the  watts  of  electrical  energy  con- 
sumed, were  determined,  and  from  these  were  deduced  the  watts 
per  candle. 

In  this  paper  the  candle  power  of  a  lamp  is  taken  to  be  the 
mean  of  twelve  points  80  degrees  apart  in  the  horizontal  plane  of 
the  lamp.  The  observed  candle  power  is  the  power  of  the  lamp 
at  a  point  in  the  horizontal  plane  at  right  angles  to  the  plane  of 
the  base  of  the  filament.  The  reduction  factor  is  the  ratio  of  the 
mean  horizontal  to  the  observed  candle  power. 

Curve  of  all  Lamps,  showing 
Variation  in  Bconomy  and  Candle  Power,  with  Life. 


ii)o     ato     Jto     460     ato     edo     -Tto gh,  ggfi 

PLATE  1 

In  the  preliminary  measurements  three  readings  were  made  at 
the  point  where  the  observed  candle  power  readings  were  to  be 
made,  and  the  lamp  was  marked  so  that  this  point  could  always 
in  the  future  be  determined.  The  lamp  was  then  revolved  upon 
its  principal  axis,  and  two  observations  were  made  every  30  de- 
grees, the  starting  point,  when  again  reached,  also  having  two 
more  readings  made.  The  five  readings  made  at  the  starting 
point  were  averaged,  and  the  result  called  the  observed  candle- 
power.  The  observed  candle  power  and  the  readings  at  the  other 
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eleven  points  were  then  averaged,  and  this  result  called  the  mean 
horizontal  candle  power.  In  the  duration  test  observed  candle 
power  readings  only  were  made,  the  mean  horizontal  candle 
power  being  always  found  by  multiplying  this  reading  by  the  re- 
duction factor. 

The  wire  connections  to  the  lamp  in  the  photometer  were  the 
same  as  shown  in  Fig.  2,  excepting  that  no  voltameters  were  in 
circuit. 

A  sliding  curtain  was  hung  from  the  two  photometer  screen 
boards,  and  an  opening  was  maintained  only  sufficiently  wide  to 

Curves  of  Lamps  with 
Initial  Economy  greater  than  8.8  WATT8  per  C.P. 


FLATS  II 


permit  the  reading  of  the  disc.  Two  screens  of  deep  blue  glass 
were  so  placed  as  to  shield  the  person  making  the  candle  power 
determinations  from  all  glare  of  the  lights.  Two  observers  made 
the  measurements.  The  author  made  the  photometric  readings 
and  regulated  the  height  of  the  gas  flame,  always  looking  at  the 
flame  through  deep  blue  glass,  and  an  assistant  placed  the  lamps 
in  position,  adjusted  the  voltage,  made  ampere  readings,  and 
recorded  all  observations. 

The  candle  power  readings  were  always  the  mean  of  at  least 
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two  obBervationfi,  and  if  these  two  differed  from  each  other  more 
than  4  per  cent.,  several  others  were  made,  and  a  mean  of  all  ob- 
servations taken  as  the  correct  reading. 

A  small  room,  18x19  feet,  in  which  to  conduct,  the  test  was 
partitioned  off  about  40  feet  from  the  djnamos.  In  this  room 
were  located  the  photometer  and  other  instruments,  and  all  test 
lamps.  The  door  leading  to  this  apartment  was  kept  locked,  no 
one  being  allowed  to  enter  during  my  absence  except  the  engineer 
in  charge  of  the  plant,  who  twice  a  day  inspected  for  broken  lamps. 

Curves  of  Lamps  with 
Initial  Economy  8.3  and  8.5  WATTS  per  O.P. 
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The  lamps  were  wired  in  groups  of  10  and  15,  those  of  similar 
marked  volts  being  placed  together. 

The  volts  labeled  on  the  lamps  by  the  manufacturers  were  taken  as 
being  the  correct  pressure  at  which  to  run  them.  Suitable  resistance 
was  introduced  into  those  circuits  on  which  were  lamps  requiring  a 
less  pressure  than  110  volts,  the  normal  pressure  of  the  house  circuits. 
Ko  lamps  were  permitted  nearer  to  each  other  than  12  inches,  for 
fear  of  possible  harm  occuringto  one  from  the  heat  of  the  others. 
The  temperature  of  the  air  when,  all  lamps  were  burning  was  about 
104  degrees  Fahrenheit,  as  indicated  by  a  thermometer  near  the 
centre  of  the  room.    The  current  was  turned  off  and  on  the  lampiE^ 
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during  the  first  550  hours  in  a  gradual  manner,  such  as  was  due 
to  the  starting  and  stopping  of  the  dynamo,  but  after  this  time 
arrangements  were  made  to  also  have  the  lamps  switched  off  and 
on  once  or  twice  daily,  so  that  the  filaments  would  receive  the  shock 
of  sudden  heating  and  cooling  as  in  usual  practice.  Excepting 
when  photometric  measurements  were  being  made,  the  lamps 
burned  whenever  the  dynomos  ran,  which  was  generally  9  hours 
per  diem,  4}  hours  in  the  morning  and  4^  hours  in  the  afternoon, 
with  one  hour  intervening.  In  the  mains  leading  to  the  test 
room  was  interposed  a  variable  resistance  coil  by  which  the  pres- 

ConreB  of  Lamps  with 
Initial  Economy  between  8.5  and  8.8  WATTS  Per  C.P. 


sure  at  the  lamps  could  be  adjusted  independently  of  that  of  the 
house  circuit.  Two  pressure  indicators  were  connected  with  the 
test  lamps,  one  Howell  governing  the  engineer,  and  one  of  the 
United  States  E.  L.  Co.'s  pattern  in  the  ofiSceof  the  superintend- 
ent of  telegraph.  In  the  latter  place  was  a  push  button  with 
which  to  ring  a  bell  and  thus  call  the  attention  of  the  engineer  if 
the  voltage  varied  immoderately.  As  a  matter  of  fact,  the  pres- 
sure was  generally  within  one  volt  of  the  normal  as  shown  by 
the  indicators,  which  instruments  were  froni  time 
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jwied  if  as  J  variatiosB  were  found  between  them  and  the  yoltmeter 
in  &e  teat  room.  A  vrritten  statement  was  daily  sent  in  by  the 
engineer  aato  the  exact  hours  of  burning  and  the  failure  of  lamps. 
The  duratioa  test  was  started  January  2, 1889,  and  was  con- 
tinued until  April  89,  1889,  thus  permitting  those  lamps  first 
entered  to  bum  about  830  hours.  The  lamps  contributed  volun- 
tarily by  the  various  companies  did  not  bum  this  long,  because 
when  they  were  received  the  test  on  the  purchased  lamps  was 
about  200  hours  under  way. 

Curves  of  Lamps  with 
Initial  Economy  between  8.8  and  4.1  WATTS  per  C.P. 


FUkTE  V 

It  was  aimed  to  make  candle-power  and  efficiency  measurements 
of  the  lamps  after  they  had  lived  55,  110,  200,  800, 400,  500,  600 
and  820  hours. 

In  the  accompanying  curves  each  make  of  lamp  is  designated 
by  a  letter :  A;,  Bi,  Oi,  Dj,  have  reference  to  the  purchased  lamps; 
A),  Cs,  B^  indicate  those  tested  at  the  request  of  the  lamp  com- 
panies.   In  either  case  similar  letters  refer  to  like  make  of  lamps. 

Three  series  of  curves  have  been  constmcted.  In  the  first  of 
these,  Plate  1,  is  shown  the  variation  with  age  in  the  economy 
and  candle  power  of  all  the  lamps.    Each  curve  represent#^C 
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batch  of  from  10  to  15  lampe,  thus  the  Oi  lines  relate  to  the  15 
lamps  purchased,  and  the  C}  curves  indicate  the  influence  of  life 
upon  the  lamps  contributed  by  the  o  lamp  company. 

The  upper  set  of  curves  illustrates  the  economy  of  the  several 
lamps  at  their  different  periods  of  life.  Thus  the  A|  curve  indi- 
cates that  these  15  a  lamps  when  new,  consumed  3.54  watts  per 
mean  horizontal  candle,  that  after  900  hours,  6.1  watts  of  electri- 
cal energy  were  necessary  to  produce  one  candle-power  of  light, 
and  further  that  during  900  hours  the  mean  economy  of  the 
lamps  was  5.25  watts  per  c.  p. 

Curves  of  Lamps  with 
Initial  Economy  between  4.1  and  4.4  WATTS  per  O.P. 
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The  lower  diagrams  indicate  the  effect  of  age  upon  the  light 
giving  power  of  the  lamps.  Thus  the  a^  curve  demonstrates  that 
these  ▲  lamps  after  900  hours  gave  but  58^  per  cent  of  the  initial 
candle  power,  and  that  the  mean  intensity  of  light  during  900 
hours  was  67  per  cent,  of  the  new  lamps. 

In  the  construction  of  the  second  series  of  curves,  Plates  II  to. 
to  YIII  inclusive,  the  lamps  have  been  divided  into  groups  ac- 
cordinir  to  their  initial  economy.  "We  have  7  sets  of  comparative 
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Curres  of  Lamps  with 
Initial  Economy  between  4.4  and  4  7  WATTS  per  C  P. 
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Curves  of  Lamps  with 
Initial  Economy  between  4.7  and  5.0  WATTS  per  C.P. 
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cnrvee,  the  various  lamps  in  each  set  having  approximately  the 
same  initial  economy. 

In  the  third  series,  Plate  IX,  we  hare  a  summation  of  all  pre- 
yioos  diagrams  and  tables.  These  curves  show  the  relation 
between  the  initial  and  average  efficiency  of  the  incandescent 
electric  lamps  studied,  and  are  plotted  with  the  initial  economy 
of    the   lamps   as    absciss®,  and   the  corresponding    averages 
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deduced  from  the  preceding  curves  as  ordinates.  The  figures  at 
the  plotted  points  have  reference  to  the  number  of  lamps  used  in 
determining  each  point. 

From  these  curves  we  learn  that  the  varying  of  the  initial 
economy  between  the  limits  of  3  and  5  watts  per  candle  does  not 
greatly  affect  the  average  economy,  but  it  does  have  a  very 
marked  effect  upon  the  average  candle  power  derived  from  the 
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DI80IT88ION. 

Prof.  Nichols  : — I  would  like  to  ask  Mr.  Peirce  if  he  would 
tell  us  something  about  the  agreement  between  individual  lamps. 
It  seems  as  though  the  number  of  lamps  is  rather  small  from 
which  to  draw  a  general  conclusion.  It  has  been  the  impression 
that  duration  tests  are  only  to  be  relied  upon  when  the  number 
of  lamps  used  is  very  large.     The  need  of  just  such  work  as  this 

1  think  is  very  great,  and  the  reliance  we  can  put  upon  it  would 
depend  upon  the  meaning  which  we  can  give  to  these  averages ; 
that  is,  whether  it  is  found  that  aU  the  lamps  of  a  single  group 
behave  in  the  same  way.  If  the  lamps  were  made  from  widely 
different  material  it  would  seem  desirable  to  go  to  work  again 
with  a  very  much  larger  number  of  lamps. 

Mb.  Pbibge  : — Some  of  the  different  makes  of  lamps  ran  along 
very  evenly.  :  The  l^mps  from  factories  which  make  a  practice  of 
sorting  their  lamps,  gave  very  even  results,  and  those  from 
factories  which  did  not  sort  their  lamps  would  diverge  in  candle 
power  very  considerably.  In  one  instance,  a  lamp  supposed  to 
be  16  candle  power  varied  from  about  16  to  about  30.  I  think 
there  is  too  small  a  number  here  to  try  to  establish  a  law,  but 
there  is  a  sufficient  number  to  show  very  nearly  which  way  the 
straws  blow.  Take  for  instance  the  B  curve ;  that  is  almost  a 
straight  Ijne.  You  have  got  20  lamps  there.  I  said  that  the  C, 
the  T>  and  the  A  curves  were  the  most  satisfactory,  because  they 
seemed  to  show  a  general  law.;  but  the  B  is  not  so  satisfactory, 
because  it  is  a  very  much  contorted  curve.  I  don't  believe  that 
an  essentially  different  result  from  that  shown  could  be  deduced 
if  the  number  of  lamps  under  test  were  largely  increased,  for 
with  but  one  or  two  exceptions  all  the  lamps  of  a  single  group 
behaved  after  a  manner  which  could  have  readily  been  predicted 
from  a  set  of  curves  like  those  shown  in  plate  IX.  It  would,  un- 
doubtedly, be  more  satisfactory  if  a  larger  number  of  lamps  were 
tested,  for  then  not  only  could  a  greater  range  of  initial  conditions 
be  obtained  for  each  make  of  lamps — say  lamps  burning  at  from 

2  to  5.5  watts  per  candle — ^but  also  lamps  could  be  obtained  which 
were  not  made  at  the  same  time.  Tlus  must  not,  however,  be  in- 
terpreted to  mean  that  this  last  condition  was  not  met  by  the 
lamps  under  test,  for  it  is  known  to  me,  barring  lamps  Aj  Dj, 
that  in  some  instances  a  period  of  several  months  elapsed  between 
the  manufacture  of  lamps  of  the  same  group.  I  believe  that  if 
Prof.  Nichols  will  examine  the  curves  closely  he  will  rpB4\l^ 
cover  that  uniformity  which  he  is  seeking.         Dgtzed by 


A  >«/#r  readh^ort  ike  Am^ricmm  ImsiitmU  6f  EUctrieal 
Enginttr*^  Ntvt  Yorky  May  v%dy  1889,  with  am  inirth' 
ductory  note  by  Edward  L.  NichoU^  and  dUcuuion 
thereon. 
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BY   HATSUK^   KAKAKO. 

NoU. 

The  interesting  resnlts  recently  obtained  by  Mr.  Merritt  in  the 
application  of  the  method  of  Melloni  to  the  investigation  of  the 
efficiency  of  the  incandescent  lamp  have  made  it  seem  desirable 
to  extend  that  method  to  the  study  of  the  arc  lamp  also. 

Existing  data  concerning  the  efficiency  of  this  source  of  light 
are  exceedingly  imperfect,  being  based  chiefly  upon  measure, 
ments  with  the  Bunsen  photometer.  Ordinary  photometric 
determinations  of  the  light  giving  value  of  sources  of  illumina- 
tion differing  widely  in  temperature  from  the  standard  candle 
are  necessarily  at  fault;  and  I  have  endeavored  in  a  recent  paper  ^ 
to  call  attention  anew  to  the  character  of  the  errors  involved  in 
comparison  of  the  light  of  the  electric  arc  with  that  of  other 
sources  of  artificial  illumination. 

The  efficiency  of  the  arc  lamp  has  been  expressed  hitherto  in 
terms  of  the  candle-power  of  light  produced  per  unit  of  energy 
expended.  The  estimate  has  been  based  in  a  few  instances  upon 
the  mean  spherical  candle-power,  as  actually  determined ;  more 
frequently  upon  the  candle-power  emanating  from  the  lamp  in  a 
single,  especially  selected,  direction,  and  in  too  many  instances 
upon  the  ^'nominal  candle-power."  Such  estimates  of  the  effi- 
ciency of  the  arc  are  of  small  value.  They  afford  us  widely 
varying  results  which  cannot  be  definitely  compared,  and  even 
when  they  are  based  upon  the  most  complete  and  careful  deter- 
minations of  candle-power  and  energy,  they  do  not  indicate  the 
ratio  of   light-giving  radiation  to  the  total  energy  expended 

1  The  Efficiency  of  Methods  of  Artificial  Illuminadon.  Transactions  of  the 
American  Institute  of  £leetrical  Engineers,  Vol.  6, 1889. 
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within  the  lamp.  It  seemed,  therefore  to  be  of  some  importance 
to  obtain  the  measurements  of  the  ratio  of  luminous  to  total 
radiation  in  the  case  of  the  arc  lamp  by  a  method  the  results  of 
which  would  be  directly  comparable  with  those  already  obtained 
for  the  incandescent  lamp. 

The  investigation  was  undertaken,  at  my  suggestion,  by  Mr. 
ELatsune  Nakano,  M.  E.,  of  the  Imperial  University  of  Japan, 
the  results  of  whose  measurements  are  given  in  the  following 
pages. 

E.  L.  N. 

On  thb  Effioikkoy  of  thb  Abo  Lamp. 

The  following  eicperiments  were  made  in  the  Physical  Labora- 
tory of  Cornell  University  during  the  winter  of  1888-89,  the  ob- 
ject in  view  being  to  determine  the  efficiency  of  the  arc  lamp. 

It  If  a  well-known  fact  that  the  comparison  of  the  candle-power 
of  differently  colored  lights,  such  as  the  candle  and  the  electric 
arc,  is  only  a  rough  approximation.  By  means  of  one  of  the 
methods  recently  described  by  Mr.  Merritt,'  however,  we  can 
determine  the  efficiency  of  the  arc  independently  of  its  candle- 
power.  The  method  in  question  enables  us  to  find  the  ratio  of 
the  light-giving  radiation  to  that  of  the  total  radiation  of  the 
lamp. 

In  his  first  experiments  Mr.  Merritt  measured  the  heat  given 
out  by  a  lamp,  which  was  immersed  in  the  water  contained  in  a 
calorimeter.  It  is  evident  that  this  method,  though  very  ingen- 
ious, cannot  be  employed  conveniently  in  the  case  of  the  arc 
lamp.  His  second  metiiod  is,  however,  applicable  to  arc  lamps 
as  well  as  to  incandescent  lamps.  This  method  and  the  arrange- 
ment of  the  apparatus  were  fully  described  by  Mr.  Merritt  in 
his  paper,  read  before  the  American  Association  for  the  Advance- 
ment of  Science  at  their  meeting  in  Cleveland.  It  was  also 
described  by  Professor  Nichols  in  his  paper  read  before  the 
American  Institute  of  Electrical  Engineers,  March  12, 1889. 

The  application  of  the  method  to  the  arc  lamp  was  as  follows : 
The  rays  of  the  light  were  allowed  to  fall  upon  the  face  of  a 
delicate  thermopile  which  was  in  circuit  with  a  sensitive  galvano- 
meter.   The  deflection  of   the  galvanometer  was  taken  as  a 

3  Ernest  Merritt :  Some  Determinations  of  the  Energy  of  the  Light  from 
Incandescent  Lamps.    American  Journal  cf  ScMfuce^  Vol.  87,  p.  167^  .  . 
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measure  of  the  energy  of  the  total  radiation  which  fell  upon  the 
face  of  the  pile.'  After  the  dSHection  due  to  the  total  radiation 
had  been  measured,  a  glass  vessel  of  rectangular  shape  one  deci- 
meter thick,  containing  a  strong  solution  of  alum,  was  placed  be- 
tween the  lamp  and  the  thermopile,  and  the  reduced  deflection 
of  the  galvanometer  observed.  The  use  of  the  alum  cell  was  to 
cut  off  the  ^^  dark  heat,"  and  allow  only  the  rays  of  the  visible 
spectrum  to  reach  the  face  of  the  thermopile.  But  a  certain 
small  percentage  of  the  longer  wave-lengths  passed  through,  and 
a  considerably  larger  percentage  of  luminous  rays  were  cut  off  by 
the  cell.  To  determine  the  correction  for  the  former  source  of 
error,  a  cell  containing  an  opaque  solution  of  metallic  iodine  in 
bi-sulphide  of  carbon  was  placed  between  the  lamp  and  the  alum 
celL  Any  deflection  now  obtained  was  due  to  the  dark  rays  pas- 
sing through  the  alum  cell,  for  the  iodine  cut  off  the  luminous 
rays  entirely,  but  allowed  the  dark  rays  to  pass  through.  It  was 
found  that  the  dark  rays  which  passed  through  the  alum  cell 
were  exceedingly  weak^-almost  imperceptible  in  most  cases. 

The  correction  for  the  second  source  of  error,  viz.,  the  absorp- 
tion of  the  luminous  rays  by  the  alum  cell,  was  determined  pho- 
tometrically. The  average  of  some  thirty  measurements  gave  26 
per  cent,  for  the  value  of  the  correction. 

In  my  first  measurements,  the  lamp  (the  centre  of  the  arc)  and 
the  thermopile  were  placed  in  the  same  horizontal  plane.  The 
lamp  used  was  a  ^^  rack-feed  "  arc  lamp  requiring  45  volts  and  9 
amperes  for  its  normal  operation.  Experiments  were  made  with 
a  dozen  or  more  of  different  sizes  of  carbons,  ranging  from  2-16 
up  to  about  13-16  inch  in  diameter. 

The  efficiency,  or  the  ratio  of  the  energy  of  the  luminous  radia- 
tion to  that  of  the  total  radiation,  luminous  and  non-luminous,  in 
this  plane  was  found  to  be  exceedingly  small,  varying  from  about 

8  John  Ericsson  in  his  ''Contributions  to  the  Centennial  Exhibition,"  1876, 
says  that  the  calorific  energy  imparted  to  a  thermopUe  is  not  proportional  to 
the  arcs  through  which  the  neeole  of  the  galvanometer  sweeps,  as  stated  by 
Melloni,  but  that  for  deflections  not  exceedmg  15  degrees,  the  cidoriflc  energy 
imparted  to  the  pile  by  radiant  heat  is  very  nearly  as  the  square  root  of  the 
vened  sine  of  the  angle  of  deflection ;  the  defection  of  the  needle  at  the  termi- 
nation of  the  first  degree  exceeding  the  energy  transmitted,  in  the  ratio  of  100 
to  89,  and  beyond  90  minutes  the  energy  becoming  greater  than  the  defiection 
in  a  constantly  increasing  ratio.  Ericsson  does  not  state,  however,  what  kind 
of  galvanometer  he  used  in  his  investigations.  The  one  used  by  me  was  a  low 
resistance  reflecting  galvanometer  of  Sir  William  Thomson's  pattern.  It  had 
been  tested  by  Mr.  Merritt,  who  found  that  the  deflections  were  proportional  to 
the  energy  imparted  to  the  pile.  In  my  experiments  this  proportionality  was 
anumed  to  be  true.  ^.^  ,,^^^  ^^  f^OO^, Ic 
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5  per  cent,  to  a  little  less  than  15  per  cent.,  the  ratio  increasing 
as  the  diameter  of  the  carbons  used  decreased.  This  relation  be- 
tween the  efSciencj  and  the  diameter  of  the  carbons,  which  is 
shown  graphically  by  means  of  the  cnrve  in  Fig.  1,  ceased  to  ex- 
ist, however,  when  the  point  was  reached  at  which  the  whole 
length  of  the  carbons  was  rendered  hot  by  the  current  passing 
through  them.  After  this  point  was  reached  the  efficiency  fell 
off  again. 

Table  1  gives  the  resnlts  of  these  measurements.  In  the  first 
column  the  diameters  of  the  carbons  (in  thousandths  of  an  inch) 
are  given.    The  second  column  shows  the  '^mean  horizontal 


1 

x^ 

11 

■l 

^"*****^ 

■ 

lDlTlid<m-^tfaorMiiiMli. 

0 

4                  8                  18                 ^ 

Flo.  I. 

efficiency ;"  that  is  to  say,  the  ratio  of  the  deflection  produced  by 
the  total  radiation  of  the  lamp  to  that  due  to  the  light-giving 
radiation  alone,  after  the  proper  corrections  for  absorption  and 
diathermancy  have  been  applied.  Each  value  is  the  mean  of  a 
series  of  observations.  The  third  column  gives  the  potential  dif- 
ference between  the  terminals  of  the  lamp. 

Table  I. 


Diameter  of  Carbons. 

(In  inches.) 

Horizontal  Efficiency. 

P.  D.  (Volts.) 

.832 

.01484 

42 

.780 

.02102 

85 

.005 

.02627 

48 

.668 

.08125 

88 

.500 

.08898 

88 

.482 

.05014 

88 

.870 

.06801 

28 

.805 

.07888 

81 

.250 

.0818 

50 

.185 

.0458 

25 

.124 

.0514 

80 

The  curve  o  d,  given  in  Fig.  1,  shows  the  relation  between  the 
efficiency,  measured  in  the  horizontal  plane,  and  the  diameters  of 
the  carbons.  The  ordinates  represent  efficiencies,  and  abscissse 
the  diameters.    It  will  be  noticed  that  the  points  a  and  b  corre- 
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sponding  to  2-16  and  3-16  inch  carbons,  are  far  below  the  curve, 
showing  that  the  relation  is  modified  as  soon  as  the  carbons  be- 
come too  small  to  carry  the  current  without  heating. 

In  the  electric  arc,  as  Professor  Nichols  has  shown  in  the  paper 
already  referred  to,  "  the  entire  light  giving  area  is  included  be- 
tween the  line  surrounding  the  positive  carbon,  which  is  at  red 
heat,  and  the  corresponding  line  upon  the  negative  carbon.  Now 
the  surface  of  total  radiation  is  much  larger  than  that  from  which 
the  light-giving  rays  emanate.  It  includes  in  addition  to  the  in- 
candescent surfaces  near  the  arc,  all  those  portions  of  the  carbons 
which  are  heated,  either  by  conduction  or  by  the  current.  Were  the 
distribution  of  total  radiation  in  the  vertical  plane  identical  with 
that  of  the  light-giving  rays,  the  measurement  of  their  ratio  with 


Fig.  2. 


the  axis  of  the  thermopile  in  any  plane  which  passes  through  the 
arc  would  give  us  the  eflSciency  of  the  lamp,  but  the  curve  of  dis 
tribution  of  total  intensity  is  not  the  same  as  that  of  candle-power, 
and  the  ratio  in  question  is  a  function  of  the  angle  which  the  axis 
of  the  pile  makes  with  the  horizon.  It  becomes  necessary,  there- 
fore, to  make  an  exploration  of  the  entire  zone  through  which 
the  latnp  sends  out  rays,  determining  the  ratio  of  luminous  to 
total  radiation  for  each  angle  and  then  to  integrate  the  results."^ 
With  such  an  object  in  view  the  piece  of  apparatus  which  is 
shown  in  Fig.  2  was  devised.  The  lamp  was  hung  from  a  hori- 
zontal beam  a,  supported  by  two  upright  pieces  5  5,  which 
could  be  kept  always  vertical  by  means  of  a  "  parallel  motion  " 


4  Edward  L.  NichoU.  1.  c. 


Digitized  by  VjOOQIC 


THE  EFFICIENCY  OF  THE  ARC  LAMP. 


31S 


arrangement.  The  alum  bath  a  and  the  thermopile  p  were 
also  carried  npon  a  board,  pivoted  at  c  c,  so  that  it  conld  be 
turned  to  any  desired  angle.    All  necessary  changes  of  angle 
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Fig.  8. 


could  be  made  without  altering  the  distance  between  the  arc  and 
the  thermopile,  or  the  relation  of  the  alum  cell  to  either  of  them. 
By  means  of  this  apparatus  measurements  were  T^^i^  |)t  angles  o|> 


314  THE  BFFIOIENCT  OF  THB  ARC  LAMP, 

0^,  lO*',  20^,  80°,  40°,  50°,  60°  and  68°  below  the  bori«onta 
planes.    The  following  carbons  were  nsed : 


(1)  Unooated  Carbons diameter  —  . 

\%)         *'  "      

(8)  Copper-plated  Carbons 

(4)  **  '•       

(5)  Unooated  Carbons 

(S)  Copper-plated  Carbons 


.568' 
.500" 
.450' 
.870' 
.250' 


The  results  of  tliese  measnrements  are  given  in  tables  2,  8,  4, 
5,  6  and  7,  and  curves  showing  the  distribntion  of  Inminons  and 
total  radiation,  emanating  from  the  lamp  under  the  above  condi- 
tions, are  given  in  Figs.  8,  4,  5,  6,  7  and  8. 

The  radii  show  the  positions  for  which  measnrements  were 
taken  and  distances  measured  along  these  lines  from  the  origin 
to  each  curve  give  the  intensity  of  luminous  and  total  radiation 
in  each  position.  The  curves  of  luminous  radiation  are  similar 
in  form  to  those  of  candle-power.  Note,  for  purposes  of  com- 
parison, the  set  of  curves  of  candle-power  at  various  angles  pub- 
lished by  M.  Schreihage,'  of  the  Polytechnic  School  at  Braun- 
schweig, who  has  made  extended  measurements  of  lamps  with 
different  sizes  of  carbons.  In  the  following  tables  D  is  the 
deflection  for  total  radiation,  d  that  for  light-giving  radiation 
(corrected). 

Table  II. 

Carbon  (unplated),  diam.  —  .832  inch. 

d 


Angle 

d 

D 

D 

P.  D.  (Volts). 

0« 

4. 

220 

.0182 

44 

W 

6.8 

265 

.0256 

42 

20^ 

18.4 

800 

.0547 

42 

80« 

27.8 

850 

.0780 

40 

40*^ 

85.1 

890 

.0900 

40 

50** 

27.8 

880 

.0887 

88 

60-^ 

20.8 

800 

.0677 

89 

«8*» 

5.4 

125 
Table  III. 

.0482 

89 

Carbon  (unplated)  diam.  — 

.568  inch. 
d 
D 

Angle. 

d 

D 

P.  />.  (Volts.) 

0<» 

6.8 

165 

.0412 

41 

10* 

10.8 

195 

.0554 

42 

W 

22.0 

245 

.0956 

48 

90^ 

82.8 

264 

.1242 

89 

40* 

89.2 

274 

.1441 

42 

W 

28.4 

252 

.1187 

41 

«)• 

10.8 

128 

.0625 

40 

5  Schieihage,  CentrcMaU  fwr  mektroteehnik,  No.  22,  1888.    Bee  lOl^li^ 
LunUert  Eleetrigue,  T.  29.  p.  586.  ^ 
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Table  IV. 


Carbon  (copper-plAted),  diam.  — 

5  inch. 
d 
D 

Angle. 

d 

D 

P.  D.  (Volts.) 

O** 

6.4 

110 

.0491 

45 

10<» 

12.8 

140 

.0872 

45 

ao* 

21.6 

172 

.15^50 

45 

80*^ 

29.7 

100 

.1598 

46 

40^ 

88.8 

195 

.1788 

46 

50*> 

20.8 

166 

.1810 

45 

(K)<^ 

4.1 

98 

.0441 

45 

Tablb  V. 
Carbon  (copper-plated),  diam.  —  .45  inch. 


d 

Angle. 

d 

D 

D 

P.  2>.  (Volts.) 

Oo 

10.8 

197 

.0648 

45 

10« 

20.8 

225 

.0901 

45 

20« 

29.7 

242 

.1228 

45 

SO** 

89.2 

260 

.1506 

45 

40<> 

41.9 

270 

.1552 

45 

50<^ 

27.8 

255 

.1059 

46 

m^ 

12.2 

180 

.0676 

45 

«8« 

5.4 

110 
Table  VI. 

0492 

46 

Carbon  (unplated),  diam.  — 

.87  inch. 
d 

Angle. 

d 

D 

P.  i>.  (Volts.) 

0« 

10. 

180 

.0556 

40 

10« 

14.9 

190 

.0789 

42 

20» 

24.4 

200 

.1220 

88 

80<> 

81.8 

217 

.1474 

87 

40» 

89.2 

280 

.1696 

40 

50^ 

42. 

240 

.1760 

42 

60O 

88.8 

206 

.1669 

42 

68«» 

10.8 

115 
Table  VII. 

.0869 

88 

Carbon  (copper-plated),  diam. 

—  .25  inch. 
d 
D 

Angle. 

d 

D 

P.  D.  (Volts.) 

0« 

18.5 

160 

.0844 

87 

10^ 

22.9 

186 

.1288 

87 

W* 

89.2 

225 

.1742 

89 

80* 

45.9 

255 

.1800 

88 

40* 

41.9 

^ 

.1822 

88 

50«» 

29.7 

160 

.1980 

89 

W 

4.1 

76 

.0647 

/ 

S3       T 
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The  distribution  of  total  radiation  differs  widely  from  that  of 
Inminons  radiation,  so  that  the  efficiency  expressed  by  their  ratio 
depends  npon  the  angle  of  measnrement.  The  values  of  the 
efficiency  in  each  case  for  the  various  angles  at  which  measure- 
ments were  made  have  been  calculated.  They  are  shown  in  the 
diagram  of  efficiencies  in  Fig.  9. 


n|.  9. 

In  order  to  determine  the  mean  or  "hemispherical"  efficiency 
of  the  lamp  the  ratio  of  the  radii  of  two  semi-circles,  the  areas 
of  which  equal  the  areas  of  the  curves  of  total  and  luminous 
radiation  was  found  by  means  of  a  planimeter.  The  following 
are  the  values  thus  obtained : 


Table  VIII. 

Diameter  of  carbons. 

Spherical  effldency. 

.882 

.0687 

.568 

.1100 

.500 

.1266 

.450 

.1880 

.870 

.1554 

.250 

.1660 

The  above  table  forms  the  basis  of  the  curve  shown  in  Fig.  10, 
which  represents  the  relation  between  the  diameter  of  the  car- 
bons and  the  "hemispherical"  efficiency  of  the  lamp.  The  dia- 
gram is  a  straight  Une.  Thus  we  see  that  the  hemispherical  effi 
ciency  varies  inversely  as  the  diameter  of  the  carbon. 

It  will  be  interesting  to  compare  this  with  the  result  of  M. 
Schreihage's  experiments.     He  measured  the  mean  spherical 
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candle-power  with  the  different  sizes  of  carbons,  and  found  the 
same  relation  to  bold  true,  as  will  be  seen  from  the  following 
table : 

Table  IX. 

H.   SCHBIEIHAGE's   IfEASUBIEMEirrS  OF  CANDLB-POWBB  AND  OUBRBNT 


CroflB^ecdon 

of  podtive 

carbon. 

mm. 

40 

95 
184 
194 
254 


DENSnT. 


Diameter 

d. 

m.m. 

7.12 

Spherical 
c.p. 
417 

d.  X  c.  p. 
8.858 

Current 

density. 

0.184 

11.0 

888 

8428 

0.066 

18.6 

254 

8,462 

0.047 

15.1 

180 

8,045 

0.082 

18.0 

161 

2,905 

025 

M.  Schreihage  states  that  this  relation  is  not  completely  satis- 
tied  in  the  case  of  the  mean  horizontal  candle-power,  especially 
when  the  carbons  are  very  small  or  very  large.  We  have  seen 
that  this  statement  applies  also  to  the  experiments  upon  the 
horizontal  efficiency  described  in  the  first  part  of  this  paper. 

Phydcai  Laboratory  of  Cornell 
University,  May  6, 1889. 
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DISCUSSION. 

The  Pbbsident: — ^Tlie  subject  of  the  paper  just  read  is  cer- 
tainly one  of  considerable  importance,  and  some  of  the  conclosions 
are  unexpected,  you  may  say.  As  there  are  persons  here  having 
experience  in  this  line,  we  would  like  to  hear  from  them. 

Mr.  Pbbsoott  : — I  would  simply  like  to  ask  Prof.  Nichols  if 
this  law  that  he  discovered  is  independent  of  the  current  density. 
I  understand  the  law  to  be  that  the  efficiency  of  the  arc  lamp  de- 
pends on  the  diameter  of  the  carbon  without  reference  to  the  cur- 
rent density. 

Prof.  Nichols: — I  should  have  said  that  these  experiments 
were  made  with  constant  current  and  as  nearly  as  possible  with 
constant  electromotive  force  to  the  arc.  The  arc  was  maintained 
at  about  45  volts,  and  the  current  was  maintained  at  about  9  am- 
peres ;  but  quite  a  little  range  of  voltage  and  current  in  th6  lamp 
showed  surprisingly  small  changes  in  the  efficiency.  Probably 
toward  the  end  of  the  test  there  was  not  the  same  care  taken 
to  hold  the  current  and  voltage  constant  that  would  have  been 
taken  if  the  efficiency  had  been  found  sensitive  to  changes  in  this 
respect,  but  the  law  holds  true  strictly  where  the  current  and 
voltage  are  maintained  constant. 

Prof.  M.  M.  Garver  : — In  some  experiments  I  made  with 
arc  lamps  for  20  amperes  we  would  use  7-16  carbon  in  summer, 
but  in  the  winter,  in  order  to  make  them  last  longer,  we  used  the 
larger  carbon.  We  found  in  our  experience  that  the  light  was 
not  as  good,  and  consequently  w^  would  have  to  increase  the 
current.  However,  when  we  got  hard  carbons  they  lasted  better. 
We  observed,  also,  in  that  case,  without  measurements,  that  the 
light  was  not  so  good  with  the  hard  carbon  as  with  the  soft  car- 
bon.    I  would  like  to  ask  if  anything  of  the  kind  was  observed. 

Prof.  Nichols  : — I  would  say  simply  that  it  was  not  the  inten- 
tion to  go  into  the  question  of  different  carbons.  In  starting  the 
investigations  we  simply  took  such  carbons  as  happened  to  be  avail- 
able in  the  laboratory,  of  different  sizes.  It  was  taken  up 
originally  as  practice  work,  and  I  did  not  know  at  that  time  that 
it  would  ever  come  to  the  light,  because  I  did  not  expect  as  good 
a  i-esult  as  was  obtained;  but  all  the  carbons  were  probably  car- 
bons of  good  quality.  They  were  of  different  makes,  American 
and  European. 

Pbbsidbnt  Thomson  : — I  would  add  a  word  just  on  this  point 
from  my  own  experience.    I  think,  undoubtedly,  tl^  ij^p^^jyand 
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hardness  of  the  carbon  has  an  effect  on  the  luminosity,  and  prac- 
tical experience,  without  even  referring  to  refined  measurements, 
is  that  if  a  carbon  is  entirely  too  hard  for  the  current,  the  luminos- 
ity is  so  much  lessened  that  people  complain  at  once,  although 
the  voltage  and  current  remain  the  same.  I  can  confirm  what 
Prof.  Nichols  says  also  in  regard  to  changes  in  the  length  of  arc 
not  changing  the  luminosity  very  much  beyond  a  certain  separa- 
tion, when  the  light  seems  to  go  out  freely,  and  as  it  mostly 
emanates  from  the  carbon  ends  themselves,  a  little  separation, 
more  or  less,  will  not  make  a  great  difference  in  the  effects.  It 
would  be  interesting  in  this  connection  to  know  exactly  what  was 
the  combustion  of  carbon  in  the  different  cases.  Of  course,  a 
part  of  the  cost — the  practical  cost — is  the  rate  of  consumption  of 
carbon,  and  sometimes  we  can  sacrifice  a  little  light  by  using  a 
larger  carbon  and  getting  a  longer  life,  since  the  carbon  costs 
something  in  the  running  of  the  lamp.  This  gives  rise  to  the 
question  as  to  whether  the  combustion  of  the  carbon  itself  does 
not  have  to  do  with  the  efficiency  of  illuminating  power — whe- 
ther, in  other  words,  the  carbon  is  not  to  be  regarded  in  part  as  a 
piece  of  coal,  which,  if  it  bums  rapidly,  gives  out  more  light 
in  a  given  time  than  if  it  bums  slowly ;  consequently  with  a  low 
current  density  and  small  combustion  of  carbon  we  lose  that 
effect  and  depend  on  the  current  altogether  to  produce  the  light. 
At  the  rate  of  burning  of  carbon  in  the  arc  light  there  must  be  a 
considerable  amount  of  light,  due  entirely  to  the  combustion  of 
the  carbon,  without  reference  to  the  current,  the  current  merely 
maintaining  the  carbon  at  that  temperature  which  permits  this 
effect  to  exist. 

Mb.  Weston  : — I  understand  Prof.  Nichols  did  not  make  any 
experiment  with  any  other  lamp  except  this  arc  lamp.  Experi- 
ence has  shown,  I  think,  that  the  efficiency  of  an  arc  lamp  is 
very  much  increased  where  the  power  of  Ae  light  is  increased. 
If  I  remember  rightly,  some  experiments  I  made  myself  in  1875 
and  1876,  showed  that  to  a  very  marked  extent,  and  I  think  ex- 
periments probably  earlier  than  mine  showed  it.  So  that  the 
efficiency,  as  it  stands  for  an  ordinary  commercial  lamp  to-day,  is 
not  anything  near  what  we  can  get  if  we  make  the  lights  larger. 
How  far  that  would  extend  it  is  somewhat  difficult  to  say,  and  as 
Prof.  Nichols  has  all  the  appliances  for  making  these  measure- 
ments, including  dynamos,  I  think  it  would  be  a  very  nice  thing 
if  we  could  get  some  facts  in  regard  to  efficiency  of  lamps,  run- 
ning up  to  100  or  200  amperes  instead  of  9  or  10.    It  would 
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probably  throw  a  great  deal  of  light  on  the  matter.  The  small 
amount  of  useful  luminous  energy  compared  to  the  total  energy 
employed,  is  a  sad  thing,  always.  That,  together  with  the  low 
efficiency  of  the  steam  engine  shows  how  much  we  have  to  do. 
There  is  no  lack  of  work  in  this  field. 

Prof.  Nichols  : — I  would  like  to  say  that  in  presenting  this 
paper  I  have  presented  it  not  as  an  exhaustive  investigation  of  this 
subject,  but  rather  as  pointing  out  a  line  of  work  which,  I  think, 
may  be  a  good  deal  of  benefit  to  the  study  of  the  light-giving 
power  of  various  illuminants,  and  that  undoubtedly  in  order  to 
make  it  complete  it  ought  to  be  worked  out  for  the  efficiency  as 
a  function  of  the  length  of  arc,  independently  again,  as  a  func 
tion  of  current,  and  then  those  could  be  combined,  so  as  to  give 
it  as  a  function  of  the  energy  for  a  constant  length  of  arc.  In 
short,  it  ought  to  be  worked  out  under  all  the  conditions  under 
which  lamps  can  be  used.  Here  we  have  only  worked  it  out  for 
a  single  condition  of  affairs,  because  that  was  convenient  to  us — 
the  ordinary  long  arc  lamp  of  to-day. 

Prof.  Gbter  : — May  I  ask  Prof.  Nichols  whether  any  attempt 
was  made  to  see  if  in  the  part  which  he  calls  luminous  energy 
any  appreciable  amount,  was  energy  other  than  luminous — that  is, 
what  is  ordinarily  called  actinic  I  should  think  that  in  a  light 
centre,  as  an  arc  light,  an  appreciable  amount  might  be  other  than 
luminous,  which  would  reduce  all  those  figures  slightly ;  but  the 
effect  would  probably  be  greater  on  those  which  are  lowest  on 
the  column,  and  probably  less  on  those  which  are  on  top  of  the 
column. 

Prof.  Nichols  : — Mr.  President,  I  would  say  that  very  careful 
corrections  were  made  for  the  dark  rays — the  waves  of  longer 
wave  length  than  the  red  which  were  able  to  pass  through  the 
alum,  but  the  energy  of  the  ultra-violet  rays  is  so  very  small 
when  measured  on  the  thermopile  that  we  regarded  it  as  un- 
worthy of  mention. 

Dr.  Moses  : — While  suggestions  are  flying  thickly,  I  would  like 
to  recall  some  experiments  which  might  have  bearing  on  future 
experiments  in  this  direction.  On  one  occasion,  in  order  to  get 
an  absolutely  uniform  light  I  tried  the  effect  of  various  colored 
media  on  an  arc,  and  I  found  that  with  a  monochromatic  light, 
the  general  effect  is  more  uniform  throughout  different  areas ; 
you  did  not  see  the  sudden  sharp  flash  of  light  that  occurred  by 
the  reflection  from  the  crater.     Now,  if  experiments  were  car- 
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ried  on  perhaps  by  allowing  the  arc  to  burn  its  way  through  a 
disc  of  mica,  you  would  get  a  perfectly  uniform  monochromatic 
atmosphere  and  that  would  perhaps  be  the  best  medium  for  mak- 
ing these  experiments.  Monochromatic  light  may  give  uniform- 
ity of  result. 

The  following  paper  on  "The  Spiral  Coil  Voltameter,"  by  H.  J. 
Ryan,  was  then  read  by  Professor  Nichols : 
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THE  SPIEAL  COIL  VOLTAMETER 


BT   HARRIS  J.   RTAN. 


During  the  present  year  at  the  Physical  Laboratory  of  Cornell 
University,  the  copper  voltameter  has  been  used  somewhat  ex- 
tensively in  laboratory  practice  by  students  for  calibrating  Thom- 
son graded  galvanometers,  tangent  galvanometers,  and  other  elec- 
trical measuring  instruments  where  a  single  determination  suflSces 
as  a  calibration.  For  practical  instruction  students  are  made  to 
check  their  results  on  a  Thomson  gravity  balance,  and  by  means 
of  the  large  galvanometer  at  the  Magnetic  Observatory. 

The  plate  form  of  copper  voltameter  has  been  thoroughly  and 
admirably  investigated  by  Mr.  Thomas  Gray,*  of  the  Physical 
Laboratory  of  the  University  of  Glasgow.  We  are  indebted  to 
Mr.  A.  W.  Meikle*  and  to  Lieutenant  Anderson*  for  clear  de- 
scriptions, based  upon  the  results  of  Mr.  Gray,  for  the  use  of  this 
form  of  voltameter,  whereby  determinations  may  be  made  so 
accordant,  that  one  can  scarcely  think  of  more  to  be  desired. 

With  all  this,  however,  it  has  been  our  experience  that  students 
are  slow  to  obtain  accordant  results  when  making  their  first 
attempts  to  follow  Mr.  Gray's  methods.  It  seemed  desirable  to 
make  use  of  a  form  of  voltameter  that  required  the  least  con- 
sistent time  and  care  to  construct  and  prepare  for  operation. 
Again,  there  should  be  a  wide  allowable  range  of  current  density, 
through  which  deposits  would  be  as  firm  and  adherent  as  possible. 
It  was  with  a  view  of  realizing  this  that  we  finally  adopted  and 
made  use  of  the  spiral  coil  form  herein  described. 

A  wire  coil  as  a  cathode  seemed  to  present  many  advantages. 
Wire  of  high  conductivity,  good  for  this  purpose,  is  generally 

1  PM.  JbTfl^.,  1886  and  1888. 
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available  in  any  desired  size.  A  wire  can  be  cleaned  properly 
with  great  ease  and  readiness  by  fastening  one  end  in  a  vise, 
holding  the  free  part  in  one  hand  and  sandpapering  it  with  the 
other.  By  beginning  at  the  vise  to  clean,  it  is  not  necessary  to 
tonch  the  cleaned  wire  with  the  hands  throughont  the  complete 
operation  of  polishing  and  coiling  into  a  spiral  on  a  cylinder  of 
the  proper  diameter,  about  which  has  been  rolled  clean  paper. 
In  this  manner  gain  and  loss  coils  are  constructed. 

Figs.  1  and  2  show  the  final  form  of  voltameter  adopted.  The 
coils  are  hung  vertically.  The  cathode  is  made  of  a  smaller  dia- 
meter and  is  arranged  inside  and  concentric  with  the  anode.  The 
diameter  of  the  anode  is  made  about  8  cm.  to  4  cm.  larger  than 
that  of  the  cathode.  The  loss  coils  prepared  as  above  are  ready 
for  use,  since  for  well-known  reasons  their  changes  of  weight  are 
never  accordant.   The  surface  of  the  gain  coil  must  not  be  touched 


Fig.  I. 

by  the  hand.  It  is  easy  to  handle  it  by  the  extending  terminal, 
by  means  of  which  it  is  suspended  in  the  voltameter.  After 
polishing,  it  is  washed  by  plunging  into  a  jar  of  water  containing 
a  httle  H3SO4. 

It  is  then  rolled  on  filter  or  blotting  paper  to  remove  all  but  a 
mere  film  of  the  water.  The  coil  is  then  dipped  in  95  per  cent,  al- 
cohol, removed  and  the  excess  of  alcohol  allowed  to  drip  into  the 
jar  of  the  same.  By  rolling  the  coil  on  clean  filter  or  blotting 
paper  again,  nothing  but  a  mere  film  of  alcohol  remains,  and  that 
is  thoroughly  evaporated  in  a  few  moments,  leaving  the  coil  en- 
tirely dry. 

Coils  that  have  been  laid  away  and  become  corroded  can  be 
readily  cleaned,  as  is  well  known  and  directed,  by  plunging  them 
into  a  mixture  of  strong  HNOg  or  HCl,  one  hundred  parts  of  the 
former  to  one  of  the  latter,  removing  them  quickly  to  a  distance, 
such  that  the  vapors  of  the  acid  shall  not  reach  the  coil  duringC 
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the  reat  of  the  preparation.  This  consists  in  washing,  first  tho- 
roughly in  water,  and  then  proceeding  as  at  first  described  by 
plnnging  in  the  acidulated  water,  alcohol,  etc.  After  weighing, 
the  coils  are  ready  for  the  voltameter. 

It  has  been  customary  with  us  to  use  a  coil  made  of  two  and 
one-half  metres  of  No.  16  wire,  having  the  surface  area  of  one 
hundred  square  centimetres. 

For  great  strengths  of  current  a  number  of  these  are  arranged 
in  parallel. 

For  every  four  amperes  one  wire  is  necessary.  At  the  end  of 
the  deposit  the  gain  coils  are  immediately  removed,  and  plunged 
first  into  clean  water  and  then  into  the  acidulated,  from  which 


Fig.  2. 

they  are  dried  by  means  of  alcohol  in  the  manner  above  described. 
When  dried  they  are  at  once  ready  to  weigh. 

The  copper  sulphate,  water  and  acid,  need  not  necessarily  be 
chemically  pure.  The  density  of  the  voltameter  solution  should 
be  not  less  than  1.10  and  not  more  than  1.18. 

The  question  now  comes  to  us  as  to  what  degree  of  accuracy 
and  precision  of  results  we  may  depend  upon  from  the  above 
form  of  voltameter. 

The  successful  use  of  the  copper  voltameter  has  come  from  an 
appreciation  and  an  understanding  of  the  fact  that  when  copper 
is  immersed  in  an  acidulated  solution  it  passes  slowly  into  solution 
in  an  irregular  way.  Mr.  Gray  has  done  much  work  in  this  par- 
ticular, and  has  shown  that  the  going  into  solution  of  copper  on 
the  cathode  is  curiously  assisted  by  the  current. 
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tensive  work  done  with  the  plate  form  of  \ioltameter  at  Glasgow 
results  have  been  gained  with  regard  to  the  amount  of  copper 
that  goes  into  solution  for  a  certain  current  density  and  a  certain 
temperature,  so  that  it  is  a  comparatively  easy  thing  to  make  deter- 
minations with  assured  absolute  accuracy  to  within  a  tenth  or 
even  a  twentieth  of  one  per  cent.  This  is  remarkable,  though 
nevertheless  true. 

A  Thomson  deca-ampere  balance  was  calibrated  by  means  of 
the  copper  voltameter  under  Mr.  Gray's  direction  at  Glasgow. 

When  the  same  was  received  and  set  up  at  Ithaca  in  the  phy- 
sical laboratory  of  the  University,  it  was  compared  with  the  large 
standard  tangent  galvanometer  at  the  Magnetic  Observatory,  and 
found  to  agree  with  the  same  to  within  one-tenth  per  cent. 

Surely  this  same  or  even  a  greater  degree  of  absolute  accul'acy 
could  be  obtained  with  less  trouble  and  experience  by  making  use 
of  the  spiral  coil  cathodes.  Mr.  Gray  has  shown  that  the  amount 
of  copper  which  goes  into  solution,  unaided  by  the  current,  is  so 
small  that  we  can  in  almost  all  cases  neglect  it.  He  has  shown  us 
how  much  it. is  when  a  plate  is  used  as  a  cathode.  There  are 
strong  reasons,  however,  for  believing  that  when  a  wire  which 
presents  a  regularly  curved  surface,  is  used  as  a  cathode,  the  cop- 
per from  it  goes  into  solution  in  a  more  regular  way,  and  probably 
in  all  cases  to  a  considerably  less  degree.  Again  by  the  use  of  the 
spiral  coil  in  a  voltameter  we  find  an  advantage  in  the  fact  that 
the  plane  of  each  turn  of  wire  is  disposed  horizontally ,  so  that  by 
convection  the  solution  is  not  allowed  to  become  weak  near  the 
cathode,  nor  dense  near  the  anode. 

This  fact  was  first  pointed  out  by  Mr.  Shaw,  who  speaks  of  the 
very  accordant  manner  in  which  platinum  wires  disposed  hori- 
zontally are  found  to  act  as  cathodes  in  copper  electrolysis. 

In  a  valuable  paper  by  Mr.  Shaw^  on  "The  Verification  of 
Faraday's  Law  of  Electrolysis  with  Eeference  to  Silver  and 
Copper,"  the  very  great  range  of  current  densities  for  the  depo- 
sition of  copper  on  platinum  wires  of  8  centimetres  to  800  centi- 
metres per  ampere  has  been  brought  to  bear  on  the  ratio  of 
silver  and  copper  deposits  when  the  currents  are  the  same.  From 
data  taken  from  this  paper,  the  writer  has  plotted  curves  that 
show  the  relation  of  current  density  to  copper  deposit  through- 
out Mr.  Shaw's  work  at  the  Cavendish  Laboratory  and  Emmanuel 
College. 

4  British  Asso.  Meeting,  1886.  N.  F.  Electrician  and  Electrical  Engines,  1887. 
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The  work  extended  over  a  year,  and  was  done  with  much  care. 
These  curves  are  shown  in  Fig.  8.  The  ordinates  represent  the 
amount  of  silver  deposited  by  the  same  current  that  deposits 
unit  weight  of  copper  in  a  given  time,  corresponding  to  current 
densities,  as  represented  in  square  centimetres  per  ampere  on  the 
the  abscisssB  axis.  As  is  seen,  with  the  exception  of  two,  the 
curves  are  in  remarkable  accordance,  differing  by  not  more  than 
1-34  per  cent.  With  regard  to  the  two  curves  that  fall  above 
and  below  the  rest,  we  would  say  that  their  position  can  easily  be 


MK 


attributed  to  accidental  causes ;  the  error  in  the  indications  of  the 
silver  voltameter  of  a  1-5  of  1  per  cent,  either  way  would  account 
for  their  position.  Again,  Mr.  Shaw  used  no  acid  in  the  volta- 
meter solutions,  a  fact  that  will  account  for  irregularities.  Of 
tl  ese  lines  the  heavy  one  was  drawn  as  a  fair  average  of  them  all. 
A  glance  at  this  line  will  derive  some  interesting  results  : 

We  see  that  with  a  current  density  of  50  square  centimetres 
per  ampere  the  ratio  of  silver  to  copper  deposited  is  3.401.  In 
the  early  part  of  Mr.  Shaw's  work,  in  a  long  series  of  obsen-a- 
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tions,  this  same  identical  ratio  as  a  mean  for  a  mean  current 
density  the  same  as  above  was  found. 

Mr.  Gray  when  at  work  on  the  same  ratio  determined  the  same 
identical  value. 

Finally  the  writer  has  found  that  if  we  take  the  values  for  the 
chemical  equivalents  for  silver  and  copper  as  quoted  by  Wurtz 
and  those  given  by  Meyer,  that  the  calculated  values  for  this  ratio 
are  3.401  and  3  399  to  3.401. 

Therefore,  since  we  know  with  great  accuracy  the  value  of  the 
electro-chemical  equivalent  of  silver,  we  have  an  equal  assurance 
that  with  a  current  density  of  one  ampere  for  every  50  square 
cenimietres  eacfposed^  the  am&unt  of  copper  deposited  will  be 
.0003287  gra/rmnes  per  coulomb. 

Again,  we  see  that  in  a  range  of  current  density  from  50  centi- 
metres to  300  centimetres  per  ampere,  this  line  indicates  a  change 
in  the  amount  of  copper  deposited  from  .0003287  to  .0003270. 
It  is  to  be  remembered  that  these  results  were  obtained  by  the 
use  of  a  solution  almost  saturated,  and  without  acid.  Eetuming 
to  Mr.  Gray's  work  we  find  that  for  the  same  range  of  current 
density  the  amount  of  copper  deposit  changes  from  .0003287 
to  .0003272  for  a  temperature  at  which  Mr.  Shaw  probably 
worked. 

It  is  well-known  that  copper  goes  into  solution  under  the  action 
of  the  current  from  the  cathode  at  a  much  greater  rate  without 
acid  than  with,  and  especially  at  a  greater  rate  when  the  solution 
is  dense  than  when  working  under  the  proper  conditions  for 
measuring  current.  A  comparison  of  Mr.  Gray's  and  Mr.  Shaw's 
results  brought  us  to  the  belief  that  less  copper  should  be  dis- 
solved from  cathodes  of  the  spiral  form  than  those  of  the  plate 
form. 

To  determine  this,  four  cells  were  arranged  by  Mr.  Genung, 
a  student  in  the  Sciences  at  Cornell.  Two  of  these  had  cathodes 
and  anodes  of  the  plate  form  and  the  other  two,  those  of  the 
"  spiral  coil "  form.  The  large  plate  and  coil  and  the  small  plate 
and  coil  had  areas  of  100  centimetres  and  10  centimetres,  respec- 
tively. About  half  an  ampere  was  passed  through  them  for  a 
time,  amounting  to  two  and  one-half  hours. 

Every  half  hour  they  were  taken  out,  dried  and  weighed,  the 
solutions  all  intermixed,  and  the  deposits  continued  for  another 
half-hour,  etc. 

The  solution  had  a  density  of  1.1,  and  an  additioik®t)6^r 
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cent.  acid.  An  examination  of  the  intermediate  results  giv^es  the 
same  result  that  one  gets  by  looking  at  the  total  gain  of  the  coils 
and  plates  taken  separately.  Mr.  Genung's  results  were  as 
follows : 

Temperature,  20  degrees. 
-Coils. X  / Plates . 


Small 

10  cm. 

1.828a 


Large. 
100  cm. 

1.818-3 


Small. 

10  cm. 

1.8196 


l-arge 

100  c  m. 

1.81:« 


The  result  shows  that  in  going  from  a  density  of  20  centimetres 
to  200  centimetres  per  ampere,  the  amount  of  copper  per  cou- 
lomb changed  from  .0003289  to  .0003283  for  the  coils,  and  for 
the  plates,  .0003285  to  .0003275. 

The  result  with  the  plates  does  not  differ  materially  from  that 
found  by  Mr.  Gray  for  a  similar  range, 

Mr.  Genung  also  made  a  number  of  comparisons  of  the  spiral 
coil  volameter  at  different  current  densities,  and  at  a  mean  tem- 
perature of  23  degrees  centigrade,  with  the  standard  tangent  gal- 
vanometer at  the  Magnetic  Observatory.  They  were  made  with 
great  care  in  every  particular  but  one,  and  that  was  in  the  matter 
of  time.  This  was  taken  from  his  own  watch,  that  had  not  been 
compared  with  our  standard  chronometer.  Again,  to  make  and 
break  the  circuit,  a  large  switch  capable  of  carrying  250  amperes 
was  operated,  which  added  incidental  errors,  since  the  duration 
of  each  deposit  was  only  1,800  seconds ;  the  results  are  interest 
ing,  because  of  their  accordance  and  the  manner  in  which  they 
were  obtained,  and  are  given  in  the  following  table : 


Gain  in  grammes. 

Grammes 

Date. 

Size. 

Current. 

per  am- 

pere per 

Coil  No.  1. 

Coil  No.  2. 

hour. 

May  8  &  9 

110  cm. 

.6788 

.8985 

.8977 

1.176 

'*        *• 

((      (( 

1.812 

.7699 

.7704 

1.177 

4                     if 

i<      «« 

1.882 

1  1060 

1.1056 

1.178 

.i                     <( 

f<      t 

2.446 

1  4864 

1  4^72 

1.178 

.  t                     << 

116     •• 

8.008 

1.7686 

1.7676 

1.179 

*     6&7 

><      tt 

8  682 

2.0766 

2.0758 

1.179 

•• 

t       ti 

4.016 

2.8639 

2.8689 

1.180 

.( 

•       •• 

4.495 

2.6386 

2.6326 

1.176 

«. 

tt      «« 

4.930 

2.8982 

2.8910 

1.176 

n 

ft      (f 

5  268 

8.0760 

8.0808 

1.17.H 

•  •            If 

1      <f      ti 

6.701 

8.8437 

3.8458 

1.176 

•     8&9 

1     110     " 

6.422 

3.7815 

I  165* 

Deposit  rough  copper  lost  from  both  coils. 
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Fortenbaugh  and  West,  also  students  in  the  laboratory,  making 

use  of  a  watch  belonging  to  the  former,  known  to  the  writer  to 

have  been  keeping  correct  time,  and  otherwise  precisely  the  same 

apparatus  that  Mr.  Gtenung  used,  obtained  the  following  result : 

Duration 40  m. 

Current 1.814 

Coil  No.  1  gained 1.086)       Area. 

"     ••    2      "     1.085  f  90  sq.  cm 

From  this  the  number  of  grammes  per  ampere  per  hour  is 
computed  to  be  1.182.  And  we  know  that  for  the  above  current 
density  it  should  be  1.183.  The  galvanometer  at  the  observatory 
is  subject  to  a  fluctuation  in  its  indications  by  an  amount  that 
almost  covers  the  above,  due  to  variations  of  horizontal  intensity 
throughout  the  succession  of  day  and  night. 

The  writer  and  Mr.  E.  G.  Merritt,  Fellow  in  Physics,  Cornell 
University,  hope  to  make  a  thorough  investigation  of  the  '*  Spiral 
Coil  Voltameter ''  in  its  use  with  silver  and  copper  shortly. 

From  the  ease  with  which  those  inexperienced  in  the  use  of  the 
copper  voltameter  obtain  consistent  results,  it  was  thought  well 
to  recommend  its  use  in  the  meantime  to  others. 


DISCUSSION. 

Mb.  Wbston  : — ^For  some  years  I  had  occasion  to  do  a  great 
deal  of  work  with  a  copper  voltameter  and  I  was  finally  com- 
pelled to  give  it  up.  I  found  it  to  be  exceedingly  unreliable ; 
and  no  doubt  part  of  that  is  due  to  the  fact  that  the  circulation 
of  the  electrolyte  is  not  as  perfect  in  some  cases  as  in  others.  I 
should  expect  that  the  better  operation  of  this  voltameter  as  com- 
pared with  the  plate  voltameter  was  largely  due  to  the  fact  that 
the  electrolyte  circulated  much  more  freely  and  prevented  the 
formation  of  secondary  compounds  and  the  deposition  of  them 
with  copper.  It  is,  I  know,  the  general  impression  that  copper 
generally  goes  down  in  an  extremely  pure  condition  when  pre- 
cipitated by  the  electric  current.  That  is  not  a  fact  at  all.  The 
presence  of  extremely  minute  traces  of  organic  matter  in  an  or- 
dinary electric  bath  will  change  the  whole  character  of  the  cop- 
per. One-tenth  of  one  per  cent,  of  the  weight  of  the  sulphate 
of  copper  of  ordinary  gelatine  added  to  the  solution  will  render 
the  deposit  absolutely  useless  for  all  practical  purposes,  so  that  it 
is  almost  as  brittle  as  glass.  If  the  density  of  the  current  is  kept 
up  where  it  was,  before  the  addition  of  the  organic  matter,  great 
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streaks  of  white  material  having  a  silvery  lustre  will  manifest 
themselves  on  the  electrodes.  I  do  not  think  that  anything  has 
appeared  in  print  in  regard  to  this,  but  it  certainly  is  a  very  in- 
teresting fact  and  I  think  that  the  peculiar  change  in  the  physical 
properties  of  the  copper  so  deposited  is  due  to  the  formation  of 
a  peculiar  body  which  was  observed  by  the  eminent  French 
chemist  Wurtz  a  few  years  ago  and  which  he  called  hydrite  of 
copper.  Therefore  I  have  abandoned  the  copper  voltameter.  It 
requires  considerable  care  not  only  in  the  preparation  of  elec- 
trodes to  properly  secure  the  accuracy  to  which  Prof.  Nichols 
has  shown  it  is  capable  of  being  brought,  but  it  also  requires  care 
in  the  selection  of  the  salt.  Silver  has  been  so  thoroughly  tested 
as  to  show  that  with  proper  care  it  is  capable  of  giving  excellent 
results.  In  the  case  of  silver,  if  the  organic  matter  could  be  kept 
in  solution,  whether  there  would  be  any  action  or  not,  I  do  not 
know.  I  know  it  is  true  of  nickel.  The  addition  of  an  extreme- 
ly small  percentage  of  organic  matter  to  a  nickel  solution  renders 
it  incapable  of  yielding  any  satisfactory  results.  That  was  called 
to  my  attention  by  a  case  of  this  kind  some  years  ago.  Some 
nickel  platers  had  a  large  tank  of  solution  and  those  tanks  were 
usually  made  of  wood  lined  with  asphalt.  Occasionally  they 
would  leak,  and  to  save  their  solution  they  generally  emptied  it 
into  barrels.  The  parties  in  question  put  the  solution  into  bar- 
rels which  had  been  lined  with  gelatine.  When  they  put  their 
solution  back  again,  after  repairing  the  tank — ^it  was  in  a  day  or 
so — ^the  solution  was  ruined.  No  one  could  tell  what  it  was  due 
to.  It  was  assumed  from  the  general  appearance  that  somebody 
had  wilfully  put  something  into  it  to  destroy  it.  It  showed 
the  presence  of  a  minute  trace  of  organic  matter.  That,  however, 
did  not  throw  very  much  light  on  the  subject,  because  nickel 
solutions  in  those  days  were  frequently  used  with  anodes  of  mus- 
lin which  had  not  been  washed,  but  upon  very  careful  inquiry  I 
found  that  they  had  been  using  these  barrels  lined  with  gelatine, 
I  therefore  made  an  experiment  by  the  addition  of  gelatine 
to  the  nickel  solution  and  found  exactly  the  same  results.  In 
nickel  it  is  comparatively  easy  to  get  rid  of  it ;  in  copper  it  is 
very  difficult.  In  nickel  a  certain  addition  of  permanganate  of 
potash  will  enable  you  to  oxidize  the  organic  matter  and  get 
rid  of  it.  Therefore  in  using  the  copper  voltameter  it  is  not 
only  necessary  to  consider  the  form  of  the  electrodes,  but  also 
the  purity  of  the  solution.    What  other  substances,  such  as  albu- 
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men,  would  do,  I  don't  know.  Gelatine  haa  a  very  marked  ef- 
fect. The  silver  voltameter  of  course,  will  not  retain  organic 
matter  if  used  in  the  ordinary  way.  If  a  silver  voltameter  is 
nsed  with  care  there  is  not  any  difficulty  from  the  particles  float- 
ing away.  To  avoid  that,  it  is  well  to  take  a  little  freshly  pre- 
cipated  oxide  of  silver  which  has  been  carefully  washed,  and  add 
it  to  the  ordinary  nitrate  of  silver  of  commerce  and  you  will 
immediately  get  your  solution  into  a  condition  where  it  yields 
you  quite  a  nice  deposit.  It  is  not  very  close  grained,  but  it  does 
not  show  the  disposition  to  float  away  in  small  particles.  By 
saturating  it  with  a  little  oxide  of  silver,  you  get  rid  of  that 
trouble,  and  it  seems  to  me  by  far  the  most  reliable  voltameter. 

The  Pbesident  : — I  am  sure  that  we  are  very  much  gratified 
to  hear  from  Mr.  Weston  on  this  subject.  It  is  a  subject,  I  know, 
to  which  he  has  given  a  very  large  amount  of  attention.  I  do  not 
think  there  is  any  one  more  capable  of  speaking  on  deposition 
generally,  both  from  its  practical  standpoint  and  from  its  use  in 
calibration. 

Mr.  Maillodx  : — I  have  had  considerable  experience  with  the 
deposition  of  copper  in  a  practical  way,  to  the  extent  of  deposit- 
ing it  in  very  large  quantities  and  at  fair  rates,  and  sometimes  at 
very  excessive  rates,  several  times  faster  than  is  supposed  to  be 
possible,  and  sometimes  at  very  slow  rates.  I  have  often  had 
occasion  to  notice  the  discrepancy  between  the  theoretical  rate  of 
deposit  corresponding  to  a  given  amount  of  current,  and  the 
practical  results;  and  where  the  rate  of  current  is  excessive,  that 
this  difference  would  be  very  great.  I  think,  as  the  result  of 
my  observation  and  experience,  that  it  is  possible  to  get  very 
accurate  results  with  the  copper  voltameter,  but  in  order  to  do  so 
I  think  we  should  restrict  ourselves  to  certain  conditions  or  take 
them  into  consideration.  In  the  first  place,  I  think  that  the 
copper  used  should  be  absolutely  pure.  Now,  I  have  found  re- 
peatedly in  depositing  copper  industrially  for  electrotyping  or 
electroplating,  that  the  physical  properties  of  the  deposit,  its 
ductility,  etc.,  greatly  depended  on  the  character  of  the  metal 
used  as  the  anode..  You  take  for  instance,  copper  which  is  itself 
the  result  of  electrical  deposition  in  electrical  refineries,  and  from 
that  you  deposit  copper  and  compare  it  with  an  old  copper  anode 
such  as  are  supplied  to  electrotypers,  and  there  is  a  very  marked 
difference  in  the  character  of  the  deposit,  and  a  considerable  va- 
riation in  the  amount  of  the  copper  deposited.    I  think  that  it 
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was  John  T.  Spragne,  of  England,  who  first  pointed  out  the  fact 
that  in  depositing  solutions  there  is  always  a  tendency  to  deposit 
hydrogen,  and  it  has  been  my  experience  that  in  depositing  copper 
it  is  only  under  certain  conditions  that  you  are  entirely  free  from 
depositing  a  certain  amount  of  hydrogen  with  the  copper.  You 
can  only  avoid  that  by  having  a  solution  which  is  sufficiently 
dense  for  the  amount  of  current  and  of  proper  temperature,  and 
sufficient  acidity,  and  of  course,  circulated.  The  circulation  is 
probably  one  of  the  most  important  conditions  that  determine  the 
theoretical  accuracy  of  the  voltameter,  and  that  is  perhaps  the 
reason  why  Mr.  Byan's  method  gives  better  results  than  the 
other.  Under  these  circumstances  it  is  possible  to  deposit  copper 
without  depositing  hydrogen.  If  hydrogen  is  evolved  it  may 
unite  with  the  copper,  but  you  do  not  get  the  weight  that  you 
would  if  it  were  all  copper.  That  is  probably  where  the  main 
error  arises.  If  the  anode  and  solution  are  pure,  I  have  found, 
as  Mr.  Weston  states,  that  the  purity  of  water  has  much  to 
do  with  the  accuracy  of  result ;  and  you  must  use  pure  sulphate 
of  copper  and  pay  strict  attention  to  tiie  conditions.  Under  those 
circumstances,  if  the  current  density  is  low,  the  solution  not 
too  cold  and  properly  agitated,  I  have  no  doubt  at  all  that  it  can 
be  made  as  accurate  as  any  other  voltametric  method. 

Mb.  Wkston: — There  is  one  little  remark  I  would  like  to 
make  in  regard  to  the  addition  of  acid.  Some  years  ago  it  used 
to  be  customary  to  use  a  neutral  solution.  It  was  thought  more 
satisfactory,  because  under  those  conditions  the  two  electrodes 
were  more  uniform.  Of  late  years  it  has  been  customary  to  add 
a  small  amount  of  free  acid,  and  that  comes  right  in  line  with 
the  remark  I  made  a  little  while  ago  as  to  the  probable  forma- 
tion of  compounds  of  copper.  In  electroplating  you  invariably 
find  that  double  salts  are  used — double  sulphate  of  nickel  and 
ammonia  for  nickel  plating  or  double  chloride ;  and  for  silver  it  is 
double  cyanide  of  silver  and  potassium.  It  was  supposed  to  be 
due  there  to  the  fact  that  cyanide  of  silver  is  insoluble,  but 
that  is  not  entirely  the  reason  for  it.  The  truth  is  that  the 
nearer  you  come  to  a  double  salt  the  freer  you  seem  to  be  from 
these  secondary  compounds  or  bodies  precipitated.  I  think  that 
is  a  fixed  fact.  Sulphate  of  nickel,  and  sulphate  of  iroi^,  and  those 
metals  that  are  highly  electropositive  are  readily  decomposed  by 
the  current  at  first,  but  if  they  are  not  combined  with  some  other 
salts  they  reach  a  certain  condition  in  which  the  solution  won't 
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give  any  more  metal.  They  will  give  nothing  but  snb-salts.  I 
have  seen  deposits  from  nickel  baths,  ceitainly  one-eighth  of  an 
inch,  which  were  nothing  else  but  snb-salts,  and  that  condition  is 
not  brought  about  immediately  but  gradually  in  the  solutions. 
Now,  with  the  electro-negative  metals,  such  as  gold  and  silver, 
that  does  not  seem  to  be  so  marked.  In  silver  we  cannot  get  any 
indication  of  it  at  all  in  the  nitrate,  but  the  metal  there  does  not 
go  down  in  a  condition  that  suits  the  practical  plater.  The  cop- 
per voltameter,  of  course,  has  a  decided  advantage  when  we  come 
to  measure  heavy  currents.  In  nickel  salts,  iron  salts  and  zinc 
salts,  when  the  solution  is  a  solution  of  normally  pure  salts,  the 
metal  will  go  down,  but  we  all  know  that  these  normal  salts  can 
be  converted  into  salts  that  give  no  acid  reaction.  By  the  addition 
of  a  certain  amount  of  oxide  they  form  basic  salts.  Oxide  of 
nickel  and  oxide  of  zinc  and  oxide  of  iron,  freshly  precipitated, 
are  all  soluble  in  the  normal  salts.  An  addition,  therefore,  of  a 
very  minute  trace  of  oxide  to  the  solutions,  so  as  to  make  them 
basic  in  their  character,  immediately  renders  the  solution  inca- 
pable of  giving  satisfactory  results.  That  condition  will  be  brought 
about — ^notwithstanding  the  fact  that  you  start  with  a  normal 
salt — ^particularly  where  the  anode  is  larger  than  the  cathode.  In 
zinc  salts,  even  when  the  anode  and  cathode  have  the  same  sur- 
faces, it  is  usually  brought  about.  Care  should  be  taken  in>  the 
copper  voltameter  to  obtain  a  considerable  excess  of  free  acid. 

Mb.  Mailloux  : — ^The  currents  I  measured  were  seldom  below 
100  and  mostly  up  to  300  amperes,  and  I  do  not  think  silver  will 
be  very  useful  there. 

Dr.  Moses  : — ^In  corroboration  of  several  statements  that  were 
made  I  would  recall  the  fact  that  the  presence  of  nitrogen  in  the 
cyanide  compound  has  some  bearing  on  changing  the  physical 
condition  of  the  copper.  There  is  a  very  remarkable  differ- 
ence between  copper  deposited  from  a  cyanide  solution  and 
copper  deposited  from  a  sulphate  of  copper  solution.  They  look 
like  two  distinct  metals.  The  statement  of  Mr.  Weston  is  highly 
interesting  and  ought  to  have  some  bearing  on  the  construction  of 
voltameters.  With  regard  to  the  discrepancies  and  difficulties 
that  occur  in  the  use  of  the  sulphate  of  copper,  from  the  very 
long  and  interesting  experiments  that  Prof.  Kichols  made  some 
ten  years  ago,  I  think  he  ought  to  be  thoroughly  satisiied  that 
sulphate  of  copper  is  not  the  right  thing. 

Mr.  E.  T.  Bibdsall: — I  am  sure  every  one  who  has  pa- 

Digitized  by  VjOOQIC 


> 


834  THE  8PIBAL  COIL  VOLTAMETER. 

tience  to  use  the  copper  voltameter  will  heartily  thank  Mr. 
Ryan  if  he  has  made  their  labors  easy.  I  also  think  it  is  possible 
that  this  form  of  the  helix  of  copper  wire,  if  it  is  as  good  as  the 
figures  appear  to  indicate,  will  be  a  valuable  hint  to  those  com- 
panies that  nse  electrolytic  meters.  All  electrolytic  meters  that  1 
know  of  at  present  use  plates  which  are  somewhat  in  the  form  of 
the  old  copper  voltameter,  and  although  these  meters  are  said  to 
be  accurate,  yet  if  they  are  changed  into  the  form  of  a  helix  of 
copper  wire  in  place  of  the  plates,  we  shall  have  perfection  per- 
fected. 

Prof.  Nichols  : — I  would  like  to  say  that  Mr.  Ryan's  results 
have  been  corroborated  throughout  the  year  by  student  after 
student.  We  have  no  more  trouble  with  the  copper  voltameter 
since  the  adoption  of  this  method.  Formerly,  as  I  stated,  we  ex- 
pected errors  of  I,  2,  3  or  4  per  cent.,  according  to  the  skill  of 
the  man,  but  now  we  get  errors  of  ^,  ^V  a^d  A  P®^  ^'**'  I^ 
a  man  gets  to  ^  per  cent,  we  tell  him  something  is  wrong. 

The  Pbbsident  : — The  next  paper  is  on  "  The  Personal  Error 
in  Photometry,"  by  Prof.  Nichols.  Prof.  Cross's  paper  on  the 
Measurements  of  Telephonic  Currents  will  not  be  read  at  this 
meeting,  as  the  Professor  is  unable  to  be  present. 
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THE  PERSONAL  ERROE  IN  PHOTOMETRY. 


BY  EDWARD  L.  NICHOLS. 


Whenever,  in  the  course  of  photometric  work,  different  ob- 
servers have  occasion  to  compare  the  same  pair  of  lamps,  it  will 
be  f  onnd  that  the  results  of  their  readings  with  the  Bnnsen  photo- 
meter differ  by  an  amount  very  much  larger  than  the  apparent 
mean  error  of  a  single  observation. 

Ordinarily,  these  differences  are  cloaked  by  the  accidental 
errors  due  to  the  fluctuations  of  the  lights  under  observation,  and 
they  have,  consequently,  not  received  the  attention  which  they 
merit.  There  has  been,  indeed,  so  far  as  I  know,  no  systematic 
attempt  to  determine  the  precise  nature  and  importance  of  this 
personal  error,  the  existence  of  which  has  doubtless  been  recog- 
nized by  very  many  observers. 

The  introduction  of  the  storage  battery  and  the  adoption  of 
the  incandescent  lamp,  supplied  from  the  constant  source  thus 
afforded,  as  a  secondary  standard,  has,  however,  entirely  removed 
the  large  accidental  errors  resulting  from  uncontrollable  fluctua- 
tions in  our  standard  of  illumination,  and  the  personal  errors  just 
alluded  to  accordingly  stand  out  in  their  true  importance.  I  have 
very  recently  had  occasion  to  make  some  experiments  upon  this 
subject,  the  results  of  which  may  be  of  some  interest  to  those  who 
have  occasion  to  work  with  the  Bunsen  photometer. 

The  character  of  the  errors  with  which  one  meets  continually, 
whenever  the  reading  of  two  or  more  observers  are  brought  into 
direct  comparison,  may  be  very  well  shown  by  means  of  two  sets  of 
readings  made  by  Mr.  B.  W.  Snow  and  myself,  upon  the  same 
pair  of  lamps.  These  observations  were  mfide  under  precisely 
similar  and  uncommonly  favorable  conditions.  The  two  lamps 
in  question  were  of  the  same  type,  and  being  the  only  lamps  in 
circuit  with  a  large  storage  battery,  they  could  be  maintained  at 
an  almost  absolutely  constant  voltage.    These  two  sets  of 
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are  not  presented  here  as  an  example  of  what  may  be  done  with 
the  Bansen  photometer  in  the  comparison  of  constant  sources  of 
light.  They  are  indeed  of  no  great  accuracy,  and  contain  larger 
accidental  errors  than  some  observations  to  which  I  shall  have 
occasion  to  call  attention  presently.  They  exhibit,  however,  very 
clearly  the  existence  of  the  personal  errors  of  observation  which 
are  to  form  the  subject  of  this  paper. 

Table  I. 
Two  parallel  sets  of  10  readings  upon  the  candle  power  of  an  incandescent 
lamp. 


(1) 

(«) 

<B.W. 

8.  observing.) 

(£.  L. 

N.  observing.) 

Readings. 

Differences. 

Readings. 

liifferences. 

c.  p. 

c.  p. 

PKB  CENT.  1 

c.  p. 

c.  p. 

PER  CENT. 

12.12 

.112^ 

.91 

12.66 

.044— 

.35 

12.82 

.088- 

.72        ' 

12.60 

.084— 

.67 

12.16 

.072— 

.59 

12.86 

.156— 

1.25 

12.16 

.072— 

.59 

12.66 

.044- 

.85 

12.28 

.048- 

.89 

12.64 

.124— 

M 

12.40 

.168— 

1.88 

12.60 

.048— 

.67 

.12.28 

.048- 

.89 

12.56 

.044— 

.85 

12.08 

.152— 

1.80 

12.40 

.116— 

.98 

12.12 

.112- 

.92       i 

12  82 

.19G— 

1.85 

12.40 

.168 

1.24        1 

12.56 

.044- 

.85 

AVSBAGK8. 

12.282 

.104 

.852      \ 

12.516 

.089 

.717 

It  will  be  seen  from  the  above  table  that  while  the  apparent 
mean  error  of  a  single  observation  is  only  about  one-tenth  of  a 
candle,  and  the  probable  error  of  each  set  only  .022  candle,  the 
two  averages  themselves  differ  by  .284  candle. 

The  following  experiments  were  made  for  the  purpose  of  de- 
termining the  nature  of  this  personal  error : — 

Three  incandescent  lamps  of  the  same  type  and  voltage  were 
selected,  care  being  taken  to  choose  specimens,  the  carbons  of 
which  were  as  straight  as  possible.  These  lamps  gave  16  candles 
at  110  volts.  They  were  connected  in  multiple  to  the  terminals 
of  a  storage  battery  giving  a  potential  difference  of  120  volts. 
Adjustable  resistances  of  german  silver  wire  were  placed  in  the 
line  leading  to  each  lamp  and  in  one  of  the  mains  leading  from 
the  battery.    (See  figure.) 

The  lamps,  together  with  the  above  mentioned  resistances,  were 
set  up  in  a  photometer  room  which  contained  two  Bunsen  photo- 
meters. The  connecting  wires  were  of  such  length  that  the  lamps 
could  be  moved  from  one  photometer  bar  to  the  other  without 
breaking  connections.  One  of  the  lamps  was  set  up  as  a  com- 
parison standard  at  the  end  of  the  shorter  bar.    Each  of  the  other 
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lamps  was  then  compared  with  this  standard,  the  resistances  being 
adjusted  until  the  intensities  of  these  lamps  were  found  to  bear  the 
same  relation  to  the  standard.  In  other  words,  they  were 
brought  to  the  same  intensity  by  a  method  which  eliminated  the 
systematic  personal  errors  which  it  was  my  purpose  to  study. 

The  two  lamps  were  then  placed  at  the  ends  of  the  longer 
photometer  bar,  the  length  of  which  was  400  centimeters.  It 
was  divided  into  800  equal  parts.  The  lamps  had  been  measured 
with  the  plane  of  the  filament  at  right  angles  with  the  photome- 
ter bar,  and  care  was  taken  in  setting  them  up  in  their  new  posi- 
tion, to  place  them  at  the  same  angle  and  presenting  the  same 
face  to  the  bar  as  before. 


vyi — 

SCandaH 
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ifr 


Bar 


A  closed  circuit  voltmeter  between  the  terminals  of  tlie  battery 
enabled  the  observer  at  the  beginning  of  a  set  of  readings  to  bring 
the  lamps  to  the  proper  potential.  In  order  to  insure  greater 
constancy  in  the  degree  of  incandescence  throughout  the  series  of 
tests,  the  lamps  were  maintained  at  a  potential  considerably  be- 
low the  normal,  their  candle-power  being  about  12  instead  of  16 
candles. 

A  number  of  observers,  all  of  whom  were  accustomed  to 
photometric  measurements,  and  some  of  whom  had  had  extended 
experience^  were  asked  to  make  a  set  of  10  readings  each,  upon 
the  two  lamps.  The  result  of  these  two  readings  are  given  in 
table  II. 
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Table  II. 

Ratio  of  two  incandescent  lamps,  previously  adjusted  to  equal  brightness. 
The  measurements  are  made  in  the  usual  manner,  by  means  of  the  Bunsen 
photometer. 

I*"  and  li  are  the  intensities  of  the  right-hand  and  left-hand  lamps  respectively. 

Observer.  Ratio-T^  P«"°°*l 

li  error. 

A 1.0590  ±   .0040  —.0658 

B 0.9704  ±  .0044  +  .0881 

C 1.0021  ±.0082  —.0189 

D 1.0191  ±.0072  —.0169 

E 1.0182  ±  .0089  —.0160 

F 1.0902  ±.0057  —.0870 

G 1.0788  ±.0058  —.0701 

H 1.0298  ±.0042  —.0261 

1 1.0297  ±  .0060  —.0268 

J 1.0220  ±  .0027  —.0188 

The  true  value  of  the  ratio,  -^determined  previously  by  com- 

paring  each  lamp  separately  with  the  standard,  was  1.0032  ± 
.0015,  which  value  was  used  in  computing  the  personal  error. 

It  will  be  seen  from  inspection  of  the  table  that  none  of  the 
averages  fall  at  the  middle  of  the  bar«  nor  are  they  distributed 
around  it  in  such  a  manner  that  the  most  probable  value  of  the 
entire  series,  calculated  by  least  squares  under  the  assumption  that 
only  fortuitous  errors  exist,  approximates  to  unity  as  it  should  do, 
were  the  lamps  of  equal  brightness  and  were  there  no  systematic 
errors  to  vitiate  the  result.  On  the  other  hand  the  readings  lie, 
with  a  single  exception,  on  one  side,  namely  to  the  left-hand  of 
the  centre  of  the  photometer  bar.  It  will  be  seen,  moreover, 
that  the  probable  error  calculated  for  each  set  separately,  without 
taking  cognizance  of  any  systematic  error,  is  very  small  in  com- 
parison with  tbe  differences  between  the  mean  results  of  the 
various  sets,  and  especially  in  comparison  with  the  variations  of 
those  averages  from  unity. 

The  Bunsen  disc  witli  which  these  observations  were  made« 
was  mounted  in  the  usual  manner,  the  two  sides  of  the  disc  being 
viewed  simultaneously  by  means  of  two  plane  mirrors  set  at  the 
proper  angle  behind  the  former.  It  was  noted  that  the  almost 
universal  habit  in  reading  was  to  use  the  two  eyes  independently, 
one  eye  tixed  on  each  side  of  the  disc.  It  seemed  probable,  there- 
fore, that  the  personal  error  arose  from  the  unequal  sensitive- 
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ness  of  the  observer's  eyes,  in  that  he  would  nnconsciouslj  set 
the  disc  at  too  great  a  distance  from  tlie  lamp  which  illuminated 
the  side  of  the  disc  which  was  being  observed  by  his  more  sensitive 
eye.  It  appears,  if  we  accept  this  explanation,  that  the  right  eye 
was  the  more  sensitive  in  all  the  cases  under  observation,  except- 
ing one,  that  of  the  writer  (see  table  II.  B),  whose  readings  would 
indicate  the  opposite  peculiarity. 

In  order  to  reverse  the  relation  of  the  observer  to  the  photo- 
meter bar,  without  altering  any  of  the  other  conditions  of  mea- 
surement, a  large  mirror  was  set  up  opposite  the  photometer  at  a 
distance  of  about  40  centimeters.  The  observer  by  sitting  with 
his  back  to  the  bar,  could  then  see  the  images  of  the  Bunsen  disc 
in  the  m^irror,  and  his  right  and  left  eyes  were  reversed  witli 
reference  to  the  lamps.  Sets  of  10  readings  were  made  in  this 
manner  by  some  of  the  same  observers  as  before,  the  object  being 
to  test  the  hypothesis  just  stated.  The  results  thus  obtained  were, 
however,  complicated  by  the  unforeseen  circumstance  that  the 
method  of  u^ing  the  eyes  in  observation  wae  not  the  same  when 
the  image  of  the  disc  was  seen  in  the  mirror  as  when  it  was 
viewed  directly.  The  ob^rver,  when  using  the  mirror,  no 
longer  used  his  eyes  independently,  but  scanned  the  image  as  a 
whole,  so  that  both  eyes  had  a  share  in  determining  the  bright- 
ness of  each  side  of  the  disc.  The  result  was  to  produce  a  change 
in  his  settings,  not  by  introducing  a  systematic  error,  equal  and 
opposite  to  that  occuring  in  the  first  series  of  observations,  as  had 
been  expected,  but  by  eliminating  the  error  in  question.  In  a 
word,  the  settings  with  the  mirror  were  in  better  agreement  than 
those  made  by  direct  observation,  and  they  gave  results  much 
more  nearly  in  accordance  with  the  known  equality  of  the  lamps. 

In  my  own  case,  however,  an  exception  to  the  above  statement 
must  be  noted,  very  possibly  as  the  result  of  an  effort  to  repeat 
with  the  mirror  the  precise  method  of  observation  followed  in 
making  the  direct  settings.  I  continued  to  use  my  eyes  indepen- 
dently, viewing  the  image  of  one  side  of  the  disc,  with  the  right 
eye,  the  other  with  the  left  There  resulted  a  set  of  readings, 
such  as  I  had  expected  to  obtain  from  all  the  observers,  the  mean 
of  which  lay  as  far  from  the  centre  of  the  photometer  bar  as  the 
mean  of  the  direct  readings,  but  upon  the  other  side.  (Compare 
sets  "  B,'^  table  II.  and  III.) 

The  results  obtained  with  the  mirror  are  given  in  the  following 
table :—  Digitized  by  dooglc 
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Obflerver. 


error. 


Tablb  III. 

Ratio  of  the  two  lamps  determined  by  observing  the  images  of  the  Bunsen 
disc  in  a  large  mirror ;  the  observer  placed  with  his  back  to  the  photometer  bar : 

Ir  Personal 

~ir 

A 1.0070± 

B 1.0444 

C 0.9d64 

F 1.0141 

G 1.0004± 

H 1.0134  ± 

1 1.0004  ± 


Ratio. 


± 
± 
± 


.0026 
.0011 
.0058 
.0025 
.0056 
.0045 
.0081 


.0414 
.0068 
.0100 
.0088 
.0102 
.0028 


The  observations  with  the  mirror  were  followed  by  four  sets 
of  direct  readings  made  with  one  eye  bandaged.  It  was  fonnd 
that  although  more  fatiguing,  these  monocular  settings  were 
made  with  a  feeling  of  certanity  on  the  part  of  the  observer  which 
had  not  accompanied  the  settings  made  with  both  eyes.  In  the 
latter  case,  indeed,  a  conflict  between  tendencies  to  set  the  disc  in 
two  distinct  positions  had  been  very  apparent,  the  observer  un- 
consciously choosing  now  one,  now  the  other,  as  the  true  positions. 
The  set  of  readings  given  in  full  in  table  IV.,  will  serve  to  illus- 
trate the  result  of  this  tendency.  The  instances  in  which  the 
observer  seems  thus  to  have  temporarily  changed  in  his  judgment 
of  the  true  setting,  are  printed  in  heavy  type. 


Table  IV. 


No. 
1... 
2... 
8... 
4... 
5... 


Reading. 
...  1.038 
...  1.022 
...  1.021 
...  1.028 
...1.M0 


No.  Reading. 

6 1.04IS 

7 I.MS 

8 1.028 

9 1.088 

10 1.080 

This  tendency  to  vacillation  disappeared  almost  entirely  when 
only  one  eye  was  used.  The  readings  obtained  with  a  single  eye 
not  only  agreed  much  better  among  themBelves  than  those  made 
under  like  conditions,  using  both  eyes,  but  the  results  obtained 
with  the  left  eye  were  identical  with  those  obtained  with  the 
right  eye,  and  both  seemed  to  be  entirely  free  from  the  systematic 
personal  error  that  had  been  found  to  vitiate  readings  made  in 
the  usual  way. 

The  results  of  such  a  set  of  monocular  readings,  made  by  Mr. 
Snow  and  myself,  all  other  conditions  remaining  the  same  as  in 
previous  trials,  are  given  in  table  V.  ^.^^^^^^  ^^  L-OOgle 


B.  W.  S. 

(Right.) 

B.  W.  8. 

(Left.) 

E.  L.  N. 

(Right.) 

E.  L.  N. 

(Left.) 

THE  PBR80NAL  ERROR  IN  PHOTOMETRY,  «41 

It  will  be  Been  that  the  probable  error  of  each  set  is  much 
smaller  than  in  the  sets  of  observations  made  with  both  eyes ;  also 
that  the  readings  of  two  observers  whose  mean  results  from  sim- 
ikr  sets  with  both  eyes  had  differed  by  8  per  cent,  (see  sets  "  A  " 
and  "  B,"  table  II.),  are  in  complete  agreement. 

Finally,  it  will  be  noted  that  the  results  of  these  four  monocu- 
lar series  differ  from  the  accepted  value  of  the  ratio  of  intensities 
of  the  two  lamps  (1.0032)  by  an  amount  less  than  the  probable 
error  of  each  set. 

Table  V. 

Observer.  Eye  used.  Ratio.  ^f!!^?*^ 

•^  error. 

1.0028  ±  .0010  .0004 

1.0001  ±  .0010  .0081 

1.0001  ±  .0017  .0081 

1.0081  ±  .0018  .0001 

It  had  been  my  intention  to  extend  the  experiments  described 
in  this  paper  to  a  much  larger  number  of  observers.  The  evi- 
dence obtained,  however,  seemed  quite  sufficient  to  establish 
the  existence  of  the  personal  error  in  photometry,  and  to  show 
that  it  was  in  general  very  far  from  being  a  negligible  quan- 
tity. Frequent  repetitions  showed,  that  in  my  own  case  at 
least,  the  error  was  very  nearly  constant ;  and  I  think  that  it  would 
be  quite  possible  to  establish  a  personal  equation,  and  to  apply 
the  proper  correction. 

A  much  better  plan,  however,  would  be  to  so  modify  the  pho- 
tometer car  itself  as  to  insure  the  use  of  both  eyes  in  the  inspec- 
tion of  each  side  of  the  illuminated  disc.  Several  forms  of  pho- 
tometer, already  in  use,  partially  fulfill  the  neeesf^ary  require- 
ment. Any  device  which  would  bring  the  images  of  the  opposite 
faces  of  the  disc  into  a  vertical  line  in  the  field  of  view  would 
doubtless  serve  to  eliminate  the  error  in  question.  Observations 
with  such  a  photometer  would  correspond  in  character  to  the 
"  monocular  "  readings  given  in  table  V.  Not  only  would  they  be 
free  from  the  systematic  error'to  which  the  ordinary  form  of 
Bunsen  photometer  is  subject,  but  the  accidental  errors  would  be 
much  smaller,  and  the  degree  of  uncertainty  which  attends  the 
determination  of  candle-power  by  our  present  methods  would  be 
in  great  measure  diminished. 
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ON  MODERN  VIEWS  WITH  RESPECT  TO  ELECTRIC 

CURRENTS. 


BY   P£OF.    HENBT   A.  ROWLAND. 

As,  a  short  time  since,  I  stood  in  a  library  of  scientific  books 
and  glanced  aronnd  me  at  the  works  of  the  great  masters  in 
physics,  my  mind  wandered  back  to  the  time  when  the  apparatus 
for  a  complete  coarse  of  lectures  on  the  subject  of  electricity  con- 
sisted of  a  piece  of  amber  and  a  few  light  bodies  to  be  attracted  by 
it.  From  that  time  until  now,  when  we  stand  in  a  magnificent  lab- 
oratory with  elaborate  and  costly  apparatus  in  great  part  devoted 
to  its  study,  how  greatly  has  the  world  changed  and  how  our 
science  of  electricity  has  expanded  both  in  theory  and  practice 
until,  in  the  one  case,  it  threatens  to  include  within  itself  nearly 
the  whole  of  physics,  and  in  the  other  to  make  this  the  age  of 
electricity. 

Were  I  to  trace  the  history  of  the  views  of  physicists  with  re- 
spect to  electric  currents  it  would  include  the  whole  history  of 
electricity.  The  date  when  the  conception  of  an  electric  cur- 
rent was  possible  was  when  Stephen  Gray,  about  170  years  ago, 
first  divided  bodies  into  conductors  and  non-conductors,  and 
showed  that  the  first  possessed  the  property  of  transmitting 
electrical  attractions  to  a  distance.  But  it  was  only  when  the 
Leyden  jar  was  discovered  that  the  idea  of  a  current  became 
very  definite.  The  notion  that  electricity  was  a  subtle  fiuid 
which  could  fiow  along  metal  wires  as  water  fiows  along  a  tube, 
was  then  prevalent,  and,  indeed,  remains  in  force  today  among  all 
except  the  leaders  in  scientific  thought.  It  is  not  my  intention  to 
depreciate  this  notion,  which  has  served  and  still  serves  a  very 
important  purpose  in  science.  But,  for  many  years,  it  has  been 
recognized  that  it  includes  only  a  very  small  portion  of  the  truth 
and  that  the  mechanism  by  which  energy  is  transmitted  from  o^ 
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point  of  space  to  another  by  means  of  an  electric  current  is  a  very 
complicated  one. 

Here,  for  instance,  on  the  table  before  me  are  two  rubber  tubes 
filled  with  water,  in  one  of  which  the  water  is  in  motion,  in  the 
other  at  rest.  It  is  impossible,  by  any  means  now  known  to  us, 
to  find  out,  without  moving  the  tubes,  which  one  has  the  current 
of  water  flowing  in  it  and  ^hich  has  the  water  at  rest.  Again,  I 
have  here  two  wires,  alike  in  all  respects,  except  that  one  has  a 
current  of  electricity  flowing  in  it  and  the  other  has  not.  But  in 
this  case,  I  have  only  to  bring  a  magnetic  needle  near  the  two  to 
find  out  in  which  one  the  current  is  flowing.  On  our  ordii^ry 
sense  the  passage  of  the  current  has  little  efi^ect ;  the  air  around 
it  does  not  turn  green  or  the  wire  change  in  appearance.  But 
we  only  have  to  change  our  medium  from  air  to  one  containing 
magnetic  particles  to  perceive  the  commotion  which  the  presence 
of  a  current  may  cause.  Thus  this  other  wire  passes  through  the 
air  near  a  large  number  of  small  suspended  magnets,  and,  as  I 
pass  the  current  through  it,  every  magnet  is  afiFected  and  tends 
to  turn  at  right  angles  to  the  wire  and  even  to  move  toward  it 
and  wrap  itself  around  it.  If  we  suppose  the  number  of  these 
magnets  to  become  very  great  and  their  size  small,  or  if  we  im- 
agine a  medium,  every  atom  of  which  is  a  magnet,  we  see  that  no 
wire  carrying  a  current  of  electricity  can  pass  through  it  without 
creating  the  greatest  commotion.  Possibly  this  is  a  feeble  picture 
of  what  takes  place  in  a  mass  of  iron  near  an  electric  current. 

Again,  coil  the  wire  around  a  piece  of  glass,  or  indeed,  almost 
any  transparent  substance,  and  pass  a  strong  current  through  the 
wire.  With  our  naked  eye  alone  we  can  see  no  eflfect  whatever, 
as  the  glass  is  apparently  unaltered  by  the  presence  of  the  cur- 
rent ;  but,  examined  in  the  proper  way,  by  means  of  polarized 
light,  we  see  that  the  structure  of  the  glass  has  been  altered 
throughout  in  a  manner  which  can  only  be  explained  by  the  rota- 
tion of  something  within  the  glass  many  millions  of  times  every 
second. 

Once  more,  bring  a  wire  in  which  no  current  exists  nearer  and 
nearer  to  the  one  carrying  the  current,  and  we  shall  find  that  its 
motion  in  such  a  neighborhood  causes  or  tends  to  cause  an  elec- 
tric current  in  it.  Or,  if  we  move  a  large  solid  mass  of  metal  in 
the  neighborhood  of  such  a  current  we  find  a  peculiar  resistance 
unfelt  before,  and  if  we  force  it  into  motion  we  shall  perceive 
that  it  becomes  warmer  and  warmer  as  if  there  was  great  f  rictionC 
in  moving  the  metal  through  space. 
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Thus,  by  these  tests,  we  find  that  the  region  around  au  electric 
current  has  very  peculiar  properties  which  it  did  not  have  before, 
and  which,  although  stronger  in  the  neighborhood  of  the  current, 
still  extend  to  indefinite  distances  in  all  directions,  becoming 
weaker  as  the  distances  increase. 

How  great  then  the  difference  between  a  current  of  water  and 
a  current  of  electricity.  The  action  of  the  former  is  confined  to 
the  interior  of  the  tube,  while  that  of  the  latter  extends  to  great 
distances  on  all  sides,  the  whole  of  space  being  agitated  by  the 
formation  of  an  electric  current  in  any  part.  To  show  this  agi- 
tation, I  have  here  two  large  frames  with  coils  of  wire  around 
them.  They  hang  face  to  face  about  6  feet  apart.  Through  one 
I  discharge  this  Leyden  jar,  and  immediately  you  see  a  spark  at 
a  break  in  the  wire  of  the  other  coil,  and  yet  there  is  no  apparent 
connection  between  the  two.  I  can  carry  the  coils  50  feet  or 
more  apart,  and,  yet,  by  suitable  means  I  can  observe  the  disturb- 
ances due  to  the  current  in  the  first  coil. 

The  question  is  forced  upon  us  as  to  how  this  action  takes 
place.  How  is  it  possible  to  transmit  so  much  power  to  such  a 
distance  across  apparently  unoccupied  space  t  According  to  our 
modem  theories  of  physics  there  must  be  some  medium  engaged 
in  this  transmission.  We  know  that  it  is  not  the  air,  because  the 
same  effects  take  place  in  a  vacuum,  and,  therefore,  we  must  fall 
back  on  that  medium  which  transmits  light  and  which  we  have 
named  the  ether.  That  medium  which  is  supposed  to  extend  un- 
altered throughout  the  whole  of  space,  whose  existence  is  very 
certain  but  whose  properties  we  have  yet  but  vaguely  conceived. 

I  cannot,  in  the  course  of  one  short  hour,  give  even  an  idea  of 
the  process  by  which  the  minds  of  physicists  have  been  led  to  this 
conclusion,  or  the  means  by  which  we  have  finally  completely 
identified  the  ether  which  transmits  light  with  the  medium  which 
transmits  electrical  and  magnetic  disturbances.  The  great  genius 
who  first  identified  the  two  is  Maxwell,  whose  electro-magnetic 
theory  of  light  is  the  centre  around  which  much  scientific  thought 
is  to-day  revolving,  and  which  we  regard  as  one  of  the  greatest 
steps  by  which  we  advance  nearer  to  the  understanding  of  matter 
and  its  laws.  It  is  this  great  discovery  of  Maxwell  which  allows 
me,  at  the  present  time«  to  attempt  to  explain  to  you  the  wonder- 
ful events  which  happen  everywhere  in  space  when  one  estab- 
lishes an  electric  current  in  any  other  portion. 

In  the  first  place,  we  discover  that  the  disturbance  does  not 
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take  place  in  all  portions  of  space  at  once,  but  proceeds  outwards 
from  the  centre  of  the  diptnrbance  with  a  velocity  exactly  equal 
to  the  velocity  of  light.  So  that,  when  I  touch  these  wires  to- 
gether so  as  to  complete  the  circuit  of  yonder  battery,  I  start  a 
wave  of  ethereal  disturbance  which  passes  outwards  with  a  velocity 
of  185,000  miles  per  second,  tiins  reaching  the  sun  in  about  eight 
minutes,  and  continue  to  pass  onwards  forever  or  until  it  reaches 
the  bounds  of  the  universe.  And,  yet,  none  of  our  senses  inf  oian 
us  of  what  has  taken  place  unless  we  sharpen  them  by  the  use  of 
suitable  instruments.  Thus,  in  the  case  of  these  two  coils  of 
wire,  suspended  near  each  other,  which  we  have  already  used, 
when  the  wave  from  the  primary  disturbance  reaches  the  second 
coil,  we  perceive  the  disturbance  by  means  of  the  spark  formed 
at  the  break  in  the  coil.  Should  I  move  the  coils  further  apart, 
the  spark  in  the  second  coil  would  be  somewhat  delayed,  but  the 
distance  of  186,000  miles  would  be  necessary  before  this  delay 
could  amount  to  as  much  as  one  second.  Hence  the  effects  we 
observe  on  the  earth  take  place  so  nearly  instantaneously  that  the 
interval  of  time  is  very  difficult  to  measure,  amounting,  in  the 
present  case,  to  only  Trv.iriir.oTr  ^^  *  second. 

It  is  impossible  for  me  to  prove  the  existence  of  this  interval, 
but  I  can  at  least  show  you  that  waves  have  something  to  do  with 
the  action  here  observed.  For  instance,  I  have  here  two  tuning 
forks  mounted  on  sounding  boxes  and  tuned  to  exact  unison.  I 
sound  one  and  then  stop  its  vibi-ations  with  my  hand,  instantly 
you  hear  that  the  other  is  in  vibration,  caused  by  the  waves  of 
sound  in  the  air  between  the  two.  When,  however,  I  destroy 
the  unison  by  fixing  this  piece  of  wax  on  one  of  the  forks,  the 
action  ceases. 

Now,  this  combination  of  a  coil  of  wire  and  a  Leyden  jar  is  a 
vibrating  system  for  electricity  and  its  time  of  vibration  is  about 
10,000,000  times  a  second.  This  second  system  is  the  same  as 
the  first,  and  therefore  its  time  of  vibration  is  the  same.  You 
see  how  well  the  experiment  works  now  because  the  two  are  in 
unison.  But  let  me  take  away  this  second  Leyden  jar,  thus  de- 
stroying the  unison,  and  you  see  that  the  sparks  instantly  cease. 
Replacing  it,  the  sparks  reappear.  Adding  another  on  one  side 
and  they  disappear  again,  only  to  reappear  when  the  system^  is 
made  symmetrical  by  placing  two  on  each  side. 

This  experiment  and  that  of  the  tuning  forks  have  an  exact 
analogy  to  one  another.    In  each  we  have  two  vibrating  systems 
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connected  by  a  medium  capable  of  transmitting  vibrations,  and 
they  both  come  under  the  head  of  what  we  know  as  sympathetic 
vibrations.  In  the  one  case,  we  have  two  mechanical  toning 
forks  connected  by  the  air ;  in  the  other,  two  pieces  of  apparatus 
which  we  might  call  electrical  timing  forks,  connected  by  the 
luminiferous  ether.  The  vibrations  in  one  case  can  be  seen  .by 
the  eye  or  heard  by  the  ear,  but  in  the  other  case  they  can  only 
be  perceived  when  we  destroy  them  by  making  them  produce  a 
spark.  The  fact  that  we  are  able  to  increase  the  effect  by  proper 
tuning  demonstrates  that  vibrations  are  concerned  in  the  pheno- 
menon. This  can,  however,  be  separately  demonstrated  by  ex- 
amining the  spark  by  means  of  a  revolving  mirror,  when  we  find 
that  it  is  made  up  of  many  successive  sparks  corresponding  to  the 
successive  backward  and  forward  movements  of  the  current. 

The  fact  of  the  oscillatory  character  of  the  Leyden  jar  dis- 
charge was  first  demonstrated  by  our  own  countryman,  Henry, 
in  1832,  but  he  pursued  the  subject  only  a  short  distance,  and  it 
remained  for  Sir  William  Thomson  to  give  the  mathematical 
theory  and  prove  the  laws  according  to  which  the  phenomenon 
takes  place. 

Thus,  in  the  case  of  a  charged  Leyden  jar  whose  inner  and 
outer  coatings  have  been  suddenly  joined  by  a  wire,  the  electric- 
ity flows  back  and  forth  along  the  wire  until  all  the  energy 
originally  stored  up  in  the  jar  has  expended  itself  in  heating  the 
wire  or  the  air  where  the  spark  takes  place  and  in  generating 
waves  of  disturbance  in  the  ether  which  move  outward  into  space 
with  the  velocity  of  light.  These  ethereal  waves  we  have 
demonstrated  by  letting  them  fallen  this  coil  of  wire  and  causing 
the  electrical  disturbance  to  manifest  itself  by  electric  sparks. 

I  have  here  another  more  powerful  arrangement  for  producing 
electro-magnetic  waves  of  very  long  wave  length,  each  one  being 
about  500  miles  long.  It  consists  of  a  coil,  within  which  is  a 
bundle  of  iron  wires.  On  passing  a  powerful  alternating  current 
through  the  coil,  the  iron  wires  are  rapidly  magnetized  and  de- 
magnetized and  send  forth  into  space  a  system  of  electro- 
magnetic waves  at  the  rate  of  360  in  a  second. 

Here,  also,  I  have  another  piece  of  apparatus  [a  lamp]  for  send- 
ing out  the  same  kind  of  electro-magnetic  waves ;  on  applying  a 
match,  we  start  it  into  action.  But  the  last  apparatus  is  tuned  to  so 
high  a  pitch  that  the  waves  are  only  -^^^-^  inch  long,  and  55,000,- 
000,000,000  are  given  out  in  one  second.     These  short  waves  are 
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known  by  the  name  of  light  and  radiant  heat,  though  the  name 
radiation  is  more  exact.  Placing  anybody  near  the  lamp  so  that 
the  radiation  can  fall  on  it,  we  observe  that  when  the  body  ab- 
sorbs the  rayg  it  is  heated  by  them  ;  the  well-known  property  of 
80-called  radiant  heat  and  light.  Is  it  not  possible  for  ns  to 
get  some  substance  to  absorb  the  long  waves  of  disturbance,  and 
so  obtain  a  heating  effect  ?  I  have  here  such  a  substance  in  ^the 
shape  of  a  sheet  of  copper,  which  I  fasten  on  the  face  of  a  ther- 
mopile, and  I  hold  it  where  the  waves  are  the  strongest  [near  the 
coil  while  the  alternating  current  is  passing  through  it].  As  I 
have  anticipated,  great  heat  is  generated  by  their  absorption,  and 
soon  the  plate  of  copper  becomes  very  warm,  as  we  see  by  this 
thermometer,  by  feeling  it  with  the  liand  or  even  by  the  steam 
from  water  thrown  upon  it.  In  this  experiment  the  copper  has 
not  touched  the  coil  or  the  iron  wire  core,  although  if  it  did  they 
are  very  much  cooler  than  ^itself.  The  heat  has  been  produced 
by  the  absorption  of  the  waves  in  the  same  way  as  a  blackened 
body  absorbs  the  rays  of  shorter  wave  length  from  the  lamp ;  and, 
in  both  cases,  heat  is  the  result.'  ^ 

But  in  this  experiment,  as  in  the  first  one,  the  wave-like  nature 
of  the  distnrbance  has  not  been  proved  experimentally.  We 
have  caused  electric  sparks,  and  have  heated  the  copper  plate 
across  an  interval  of  space,  but  have  not  in  either  of  these  cases 
proved  experimentally  the  progressive  nature  of  the  disturbance ; 
for  a  ready  means  of  experimenting  on  the  waves,  obtaining 
their  wave  length  and  showing  their  interferences,  has  hitherto 
been  wanting.  This  deficiency  has  been  recently  overcome  by 
Prof.  Hertz,  of  Carlsruhe,  who  has  made  a  study  of  the  action  of 
the  coil,  and  has  shown  us  how  to  use  it  for  experiments  on  the 
ethereal  waves,  whose  existence  had  before  been  made  certain  by 
the  mathematics  of  Maxwell. 

I  scarcely  know  how  to  present  this  sabject  to  a  non-technical 
audience  and  make  it  clear  how  a  coil  of  wire  with  a  break  in  it 
can  be  used  to  measure  the  velocity  and  wave  length  of  ethereal 
waves.  However,  I  can  but  try.  If  the  waves  moved  very 
slowly,  we  could  readily  measure  the  time  the  first  coil  took  to  af- 
fect the  second,  and  show  that  this  time  was  longer  as  the  distance 
was  greater.  But  it  is  absolutely  inappreciable  by  any  of  our  in- 
struments, and  another  method  must  be  found.    To  obtain  the 

1.  The  thermopile  was  connected  with  a  delicate  mirror 

deflections  of  which  were  shown  on  a  screen.  oigif^ed  by 
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wave  length  Prof.  Hertz  used  several  methods,  but  that  by  the 
formation  of  stationary  waves  is  the  most  easily  grasped.  Mr. 
Ames  holds  in  his  hand  one  end  of  a  spiral  spring,  which  makes 
a  very  heavy  and  flexible  rope.  As  he  sends  a  wave  down  it, 
yon  see  that  it  is  reflected  at  the  further  end,  and  returns  again  to 
his  hand.  If,  however,  he  sends  a  succession  of  waves  down  the 
rope,  the  reflected  waves  interfere  with  the  direct  ones,  and  divide 
the  rox)e  into  a  succession  of  nodes  and  loops,  which  you  now  ob- 
serve. So  a  series  of  sound  waves,  striking  on  a  wall,  form  a 
system  of  stationary  waves  in  front  of  the  wall.  With  this  in 
view.  Prof.  Hertz  established  his  apparatus  in  front  of  a  reflect- 
ing wall,  and  observed  the  nodes  and  loops  by  the  sparks  pro- 
duced in  a  ring  of  wire.  It  is  impossible  for  me  to  repeat  this 
experiment  before  you,  as  it  is  a  very  delicate  one,  and  the  sparks 
produced  are  almost  microscopic.  Indeed,  I  should  have  to  erect 
an  entirely  diflEerent  apparatus,  as  the  waves  from  the  one  before 
me  are  nearly  \  mile  long,  the  time  of  vibration  of  the  system 
being  very  great,  that  is,  jir.Toi.innr  ^^  ^  second.  To  produce 
shorter  waves  we  must  use  apparatus  tuned,  as  it  were,  to  a 
higher  pitch,  in  which  the  same  principle  is,  however,  employed, 
but  the  ethereal  waves  are  shorter,  and  thus  several  stationary 
waves  can  be  contained  in  one  room. 

The  testing  coil  is  then  moved  to  different  portions  of  the 
room,  and  the  nodes  are  indicated  by  the  disappearance  of  the 
sparks,  and  the  loops  by  the  greater  brightness  of  them.  The 
presence  of  stationary  waves  is  thus  proved,  and  their  half  wave 
length  found  from  the  distance  from  node  to  node,  for  stationary 
waves  can  always  be  considered  as  produced  l)y  the  interference 
of  two  progressive  waves  advancing  in  opposite  directions. 

However  interesting  a  further  description  of  Professor  Hertz's 
experiments  may  be,  we  have  gone  as  far  in  that  direction  as  our 
subject  carries  us ;  for  we  have  demonstrated  that  the  production 
of  a  current  in  a  wire  is  accompanied  by  a  disturbance  in  the  sur- 
rounding space ;  and,  although  I  have  not  experimentally  de- 
monstrated the  ethereal  waves,  yet  I  have  proved  the  existence 
of  electric  oscillations  in  the  coils  of  wire  and  the  ether  surround- 
ing it. 

Our  mathematics  has  demonstrated,  and  experiments  like  those 
of  Professor  Hertz  have  confirmed  the  demonstration,  that  the 
wave  disturbance  in  the  ether  is  an  actual  fact. 

The  closing  of  a  battery  circuit,  then,  and  the  establishment  of 
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a  enrreiit  of  electridtj  in  a  wire  ie  a  yerj  different  process  from 
the  formation  of  a  current  of  water  in  a  pipe,  thongh,  after  the 
first  shock,  the  laws  of  the  flow  of  the  two  are  very  much  alike. 
Bat  even  then,  the  medium  around  the  current  of  electricity  has 
very  strange  properties,  showing  that  it  is  accompanied  by  a  dis- 
turbance throughout  space.  The  wire  is  but  the  core  of  the  dis- 
turbance, which  latter  extends  indefinitely  in  all  directions. 

One  of  the  strangest  things  about  it  is  that  we  can  calculate 
with  perfect  exactness  the  velocity  of  the  wave  propagation  and 
the  amount  of  the  disturbance  at  every  point  and  at  any  instant 
of  time;  but  as  yet  we  cannot  conceive  of  the  details  of  the 
mechanism  which  is  concerned  in  the  propagation  of  an  electric 
current.  In  this  respect  our  subject  resembles  all  other  branches 
of  physics  in  the  partial  knowledge  we  have  of  it.  We  know 
that  light  is  the  undulation  of  the  luminif erous  ether,  and  yet 
the  constitution  of  the  latter  is  unknown.  We  know  that  the 
atoms  of  matter  can  vibrate  with  purer  tones  than  the  most  per- 
fect piano,  and  yet  we  cannot  even  conceive  of  their  constitution. 
We  know  that  die  sun  attracts  the  planets  with  a  force  whose  law 
is  known,  and  yet  we  fail  to  picture  to  ourselves  the  process  by 
which  it  takes  our  earth  within  its  grasp  at  the  distance  of  many 
millions  of  miles  and  prevents  it  from  departing  forever  from  its 
life-giving  rays.  Science  is  full  of  this  half  knowledge,  and  the 
proper  attitude  of  the  mind  is  one  of  resignation  toward  that 
which  it  is  impossible  for  us  to  know  at  present  and  of  earnest 
striving  to  help  in  the  advance  of  our  science,  which  shall  finally 
allow  us  to  answer  all  these  questions. 

The  electric  current  is  an  unsolved  mystery,  but  we  have  made 
a  veiy  great  advance  in  understanding  it  when  we  know  that  we 
must  look  outside  of  the  wire  at  the  disturbance  in  the  medium 
before  we  can  understand  it :  a  view  which  Faraday  dimly  held 
fifty  years  ago,  which  was  given  in  detail  in  the  great  work  of 
Maxwell,  published  sixteen  years  since,  and  has  been  the  guide  to 
most  of  tiie  work  done  in  electricity  for  a  very  long  time.  A 
view  which  has  wrought  the  greatest  changes  in  the  ideas  which 
we  have  conceived  with  respect  to  all  electrical  phenomena. 

So  far,  we  have  considered  the  case  of  alternating  electric  cur- 
reat  in  a  wire  connecting  the  inner  and  outer  coatings  of  a  Ley- 
den  jar.  The  invention  of  the  telephone,  by  which  sound  is  car- 
ried from  one  point  to  another  by  means  of  electrical  waves,  has 

forced  into,  prominence  the  subject  of  these  waves.    Further- 
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more,  the  use  of  altematiiig  currents  for  electric  lighting  brings 
into  play  the  same  phenomenon.  Here,  again,  the  difference  be- 
tween a  current  of  water  and  a  current  of  electricity  Is  very 
marked.  A  sound  wave,  traversing  the  water  in  the  tube,  pro- 
duces a  to  and  fro  current  of  water  at  any  given  point.  Bo,  in 
the  electrical  vibration  along  a  wire,  the  electricity  moves  to  and 
fro  along  it  in  a  manner  somewhat  similar  to  the  water  but  with 
this  difference : — ^the  disturbance  from  the  water  motion  is  con- 
fined to  the  tube  and  the  oscillation  of  the  water  is  greatest  in  the 
centre  of  the  tube,  while,  in  the  case  of  the  electric  current|  the 
ether  around  the  wire  is  disturbed  and  the  oscillation  of  the  cur- 
rent is  greatest  at  the  surface  of  the  wire  and  least  in  its  centre. 
The  oscillations  in  the  water  take  place  in  the  tube  without  refer- 
ence to  the  matter  outside  the  tube,  whereas  the  electric  oscilla- 
tions in  the  wire  are  entirely  dependent  on  the  surrounding 
space,  and  the  velocity  of  the  propagation  is  nearly  independent , 
of  the  nature  of  the  wire,  provided  only  that  it  is  a  good  con- 
ductor. 

We  have  then,  in  the  case  of  electrical  waves  along  a  wire^  a 
disturbance  outside  the  wire  and  a  current  within  it,  and  the 
equations  of  Maxwell  allow  us  to  calculate  these  with  perfect 
accuracy  and  give  all  the  laws  with  respect  to  them. 

We  thus  find  that  the  velocity  of  propagation  of  the  waves 
along  a  wire,  hung  far  away  from  other  bodies  and  made  of  good 
conducting  material,  is  that  of  light,  or  185,000  miles  per  second ; 
but  when  it  is  hung  near  any  conducting  matter,  like  the  earth, 
or  inclosed  in  a  cable  and  sunk  into  the  sea,  the  velocity  becomes 
much  less.  When  hung  in  space,  away  from  other  bodies,  it 
forms,  as  it  were,  the  core  of  a  system  of  waves  in  the  ether,  the 
amplitude  of  the  disturbance  becoming  less  and  less  as  we  move 
away  from  the  wire.  But  the  most  curious  fact  is  that  the  elec- 
tric current  penetrates  only  a  short  distance  into  the  wire,  being 
mostly  confined  to  the  surface,  especially  where  the  number  of 
oscillations  per  second  is  very  great. 

The  electrical  waves  at  the  surface  of  a  conductor  are  thus,  in 
some  respects,  very  similar  to  the  waves  on  the  surface  of  the 
water.  The  greatest  motion  in  the  latter  case  is  at  the  surface 
while  it  diminishes  as  we  pass  downward  and  soon  becomes  in- 
appreciable. Furthermore,  the  depth  to  which  the  disturbance 
penetrates  into  the  water  increases  with  increase  of  the  length  of 
the  wave,  being  confined  to  very  near  the  surface  for  very  short 
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wavfi.  So  the  disturbance  in  the  copper  penetrates  deeper  as 
the  waves  and  the  time  of  oscillation  are  longer,  and  the  distnr- 
baneff  is  more  nearly  confined  to  the  surface  as  the  waves  become 
shorter.  I  have  recently  made  the  complete  calculations  with 
respect  to  these  waves,  and  have  drawn  some  diagrams  to 
illustrate  the  penetration  of  the  alternating  current  into  metal 
cylinders.  The  first  diagram  represents  \h&  current  at  different 
depths  in  a  copper  cylinder,  45  cm.  diameter,  or  an  iron  one  14r^ 
cm.  diameter,  traversed  by  an  alternating  current  with  300  re- 
versals per  second.  The  first  and  second  curves  show  us  the  cur- 
rwit  at  two  different  instants  of  time,  and  show  us  how  the  phase 
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DiAORAM   1. 

changes  as  we  pass  downward  into  the  cylinder.  By  reference  to 
the  third  curve  we  see  that  it  may  be  even  in  the  opposite  direc- 
tion in  the  centre  of  the  cylinder  from  what  it  is  at  the  surface. 
The  third  curve  gives  us  the  amplitude  of  the  current  oscillations 
at  different  depths,  irrespective  of  the  phase,  and  it  shows  us  that 
the  current  at  the  centre  is  only  about  10  per  cent,  of  that  at  the 
surface  in  this  case.  The  second  dii^ram  shows  us  the  distribu- 
tion in  the  same  cylinders  when  the  number  of  reversals  of  the 
current  is  increased  to  1,800  per  second.  Here  we  see  that  the 
disturbance  is  almost  entirely  confined  to  the  surface,  for  at  a 
depth  of  only  7  mm.,  the  disturbance  almost  entirely  vanishes.  ^ 
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There  are  very  many  practical  applicatioiiB  of  these  theoretical 
results  for  electric  currents.  The  most  obvious  one  is  to  the  case 
of  conductors  for  the  alternating  currents  used  in  producing  the 
electric  light.  We  iind  that  when  these  are  larger  than  about 
half  an  inch  diameter  they  should  be  replaced  by  a  number  of 
conductors  less  than  half  an  inch  diameter,  or  by  stripe  about 
a  quarter  of  an  inch  thick,  and  of  any  couTenient  width.  But 
this  is  a  matter  to  be  attended  to  by  the  electric  light  companies. 

Prof.  Oliver  J.  Lodge  has  recently,  in  the  British  Association, 
drawn  attention  to  the  application  of  these  results  to  lightning 
rods.  Almost  since  the  time  of  Franklin,  there  have  been  those 
who  advocated  the  making  of  lightning  rods  hollow,  to  increase 
the  surface  for  a  given  amount  of  copper.  We  now  know 
that  these  persons  had  no  reason  for  their  belief,  as  they 
simply    drew    the    inference    from    the    fact    that   electricity 


Diagram  2. 


at  best  IB  on  the  surface.  Neither  were  the  advocates  of 
the  solid  rods  quite  correct,  for  they  reasoned  from  the  fact 
that  electricity  in  a  state  of  steady  flow,  occupies  the 
whole  area  of  the  conductor  equally.  The  true  theory,  we  now 
know,  indicates  that  neither  party  was  entirely  correct  and  that 
the  surface  is  a  very  important  factor  in  the  case  of  a  current  of 
electricity  so  sudden  as  that  from  a  lightning  discharge.  But  in- 
crease of  surface  can  best  be  obtained  by  multiplying  the  number 
of  conductors,  rather  than  making  them  flat  or  hollow;  and,  at  the 
same  time,  Maxwell's  principle  of  enclosing  the  building  within 
a  cage  can  be  carried  out.  Theory  indicates  that  the  current  pen- 
etrates only  one-tenth  the  distance  into  iron  that  it  does  into  cop- 
per.   As  the  iron  has  seven  times  the  resistance  of  copper,  we 
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should  need  70  times  the  surface  of  iron  that  we  shonld  of  copper. 
Hence  I  prefer  copper  wire  about  a  quarter  of  an  inch  diameter 
and  nailed  directly  to  the  house  without  insulators,  and  passing 
down  the  four  comers,  around  the  eaves  and  over  the  roof,  for 
giving  protection  from  lightning  in  all  cases  where  a  metal  roof 
and  metal  down  spouts  do  not  accomplish  the  same  purpose. 

Whether  the  discharge  of  lightuing  is  .oscillatory  or  not,  does 
not  enter  into  the  question,  provided  it  is  only  sufficiently  sudden. 
I  have  recently  solved  the  mathematical  problem  of  the  electric 
oscillations  along  a  perfectly  conducting  wire  joining  two  infinite 
and  perfectly  conducting  planes  parallel  to  each  other,  and  find 
that  there  is  no  definite  time  of  oscillation,  but  that  the  system  is 
capable  of  vibrating  in  any  time  in  which  it  is  originally  started. 
The  case  of  lightning  between  a  cloud  of  limited  extent  and  the 
earth  along  a  path  through  the  air  of  great  resistance  is  a  very 
different  problem.  Both  the  cloud  and  the  path  of  the  electricity 
are  poor  conductors,  which  tends  to  lengthen  the  time.  If  I  were 
called  on  to  estimate  as  nearly  as  possible  what  took  place  in  a 
flash  of  lightning,  I  would  say  that  I  did  not  believe  that  the  dis- 
charge was  always  oscillating,  but  more  often  consisted  of  one  or 
more  streams  of  electricity  at  intervals  of  a  small  fraction  of  a 
second,  each  one  continuing  for  not  less  than  rW.yro  second.  An 
oscillating  current  with  100,000  reversals  per  second  would  pen- 
etrate about  iV  inch  into  copper  and  ^frrr  i^^ch  into  iron.  The 
depth  for  copper  would  constitute  a  considerable  portion  of  a  wire 
1  inch  diameter;  and,  as  there  are  other  considerations  to  be  taken 
into  account,  I  believe  it  is  scarcely  worth  while  making  tubes, 
or  flat  strips,  for  such  small  sizes. 

It  is  almost  impossible  to  draw  proper  conclusions  from  ex- 
periments on  this  subject  in  the  laboratory  such  as  those  of 
Professor  Oliver  J.  Lodge.  The  time  of  oscillation  of  the  current 
in  most  pieces  of  laboratory  apparatus  is  so  very  small,  being  of- 
ten the  Tinr,Vinr,irinr  ^^  *  second,  that  entirely  wrong  inferences 
may  be  drawn  from  them.  As  the  size  of  the  apparatus  increases, 
the  time  of  oscillation  increases  in  the  same  proportion,  and 
changes  the  whole  aspect  of  the  case.  I  have  given  TinrlTnrDth  of  a 
second  as  the  shortest  time  a  lightning  flash  could  probably  occupy. 
I  strongly  suspect  it  is  often  much  greater,  and  thus  departs  even 
further  from  the  laboratory  experiments  of  Professor  Lodge,  who 
has,  however,  done  very  much  toward  drawing  attention  to  this 
matter  and  showing  the  importance  of  surface  in  this  case.     All 
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shapes  of  the  rod  with  equal  surface  are  not,  however,  equally 
efficient  Thus,  the  inside  surface  of  a  tube  does  not  count  at  all. 
Neither  do  the  corrugations  on  a  rod  count  for  the  full  value  of 
the  surface  they  expose,  for  the  current  is  not  distributed  uni- 
formly over  the  surface ;  but  I  have  recently  proved  that  rapidly 
alternating  currents  are  distributed  over  the  surface  of  very  good 
conductors  in  the  same  manner  as  electricity  at  rest  would  be 
distributed  over  them,  so  that  the  exterior  angles  and  comers 
possess  much  more  than  their  share  of  the  current,  and  corru^ 
tions  on  the  wire  concentrate  the  current  on  the  outer  angles  and 
diminish  it  in  the  hollows.  Even  a  flat  strip  has  more  cunent  on 
the  edges  than  in  the  centre. 

For  these  reasons,  shape,  as  well  as  extent  of  surface,  must  be 
taken  into  account,  and  strips  have  not  always  an  advantage  over 
wires  for  quick  discharges. 

The  fact  that  the  lightning  rod  is  not  melted  on  being  struck  by 
lightning  is  not  now  considered  as  any  proof  that  it  has  done  its 
work  properly.  It  must,  as  it  were,  seize  upon  the  discharge, 
and  offer  it  a  easier  passage  to  the  earth  than  any  other.  Such 
sudden  currents  of  electricity  we  have  seen  to  obey  very  different 
laws  from  cbntinuous  ones,  and  their  tendency  to  stick  to  a  con- 
ductor and  not  fly  off  to  other  objects  depends  not  only  on  having 
them  of  small  resistance,  but  also  on  having  what  we  call  the 
self-induction  as  small  as  possible.  This  latter  can  be  diminished 
by  having  the  lightning  rod  spread  sideways  as  much  as  possible, 
either  by  rolling  it  into  strips,  or  better,  by  making  a  network  of 
rods  over  the  roof,  with  several  connections  to  the  earth  at  the 
comers,  as  I  have  before  described. 

Thus  we  see  that  the  theory  of  lightning  rods,  which  appear- 
ed so  simple  in  the  time  of  Franklin,  is,  to-day,  a  very  compli- 
cated one,  and  requires  for  its  solution  a  very  complete  laiowledge 
of  the  dynamics  of  electric  currents.  In  the  light  of  our  present 
knowledge  the  frequent  failure  of  the  old  system  of  rods  is  no 
mystery,  for  I  doubt  if  there  are  a  hundred  buildings  in  the 
country  properly  protected  from  lightning.  With  our  modem 
advances,  perfect  protection  might  be  guaranteed  in  all  cases,  if 
expense  were  no  object. 

So  much  for  the  rod  itself,  and  now  let  us  turn  to  other  por- 
tions of  the  electrical  system,  for  we  have  seen  that,  in  any  case, 
the  conductor  is  only  the  core  of  a  disturbance  which  extends  to 
great  distances  on  all  sides.    Were  the  clouds,  ^the^j^i'^^^f^ 
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streak  of  heated  air  called  the  lightning  flash  all  perfect  con- 
ductors we  conld  calculate  the  entire  distnrbance.  It  might  then 
consist  of  a  series  of  stationary  waves  between  the  two  planes, 
extending  indefinitely  on  all  sides  bnt  with  gradually  decreasing 
amplitude  as  we  pass  away  from  the  centre.  The  oscillation, 
once  set  up,  would  go  on  forever,  as  there  would  be  no  poor  con- 
ductors to  damp  them.  But  when  the  clouds  and  the  path  of  the 
lightning  both  have  very  great  resistance,  the  energy  is  very  soon 
converted  into  heat  and  the  oscillations  destroyed.  I  have  given 
it  as  my  opinion  that  this  is  generally  the  case  and  that  the  oscil- 
lations seldom  take  place,  but  I  may  be  wrong,  as  there  is  little 
to  guide  me  except  guess  work.  If  they  take  place,  however, 
we  have  a  ready  explanation  of  what  is  sometimes  called  a  back 
stroke  of  lightning.  That  is,  a  man  at  the  other  end  of  the  cloud 
a  mile  or  more  distant  from  the  lightning  stroke  sometimes  re- 
ceives a  shock,  or  a  new  lightning  flash  may  form  at  that  point 
and  kill  him.  This  may  be  caused,  according  to  our  present 
theory,  by  the  arrival  of  the  waves  of  electrical  disturbance  which 
might  themselves  cause  a  slight  shock  or  even  overturn  the  equi- 
librium then  existing  and  cause  a  new  electric  discharge. 

We  have  now  considered  the  case  of  oscillations  of  electricity 
in  a  few  instances  and  can  turn  to  that  of  steady  currents.  The 
closing  of  an  electric  current  sends  ethereal  waves  throughout 
space,  but  that  after  the  first  shock  the  current  flows  steadily 
without  producing  any  more  waves.  However,  the  properties  of 
the  space  around  the  wire  have  been  permanently  altered,  as  we 
have  already  seen.  Let  us  now  study  these  properties  more  in 
detail.  I  have  before  me  a  wire  in  which  I  can  produce  a  power- 
ful current  of  electricity  and  we  have  seen  that  the  space  around 
it  has  been  so  altered  that  a  delicately  suspended  magnetic  needle 
cannot  remain  quiet  in  all  positions  but  stretches  itself  at  right 
angles  to  the  wire,  the  north  pole  tending  to  revolve  around  it  in 
one  direction  and  the  south  pole  in  the  other.  This  is  a  very  old 
experiment,  but  we  now  regard  it  as  evidence  that  the  properties 
of  the  space  around  the  wire  have  been  altered  rather  than  that 
the  wire  acts  on  the  magnet  from  a  distance. 

Put,  now,  a  plate  of  glass  around  the  wire,  the  latter  being 
vertical  and  the  former  with  its  plane  horizontal,  and  pass  a  pow- 
erful current  through  the  wire.  On  now  sprinkling  iron  filings 
on  the  plate,  they  arrange  themselves  in  circles  around  the  wire 
and  thus  point  out  to  us  the  celebrated  lines  of  magnetic  fp 
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Faraday.  TTsiBg  two  wires  with  currents  in  the  same  direction 
we  get  these  other  curves,  and,  testing  the  forces  acting  on  the 
wire,  we  find  that  they  are  trying  to  move  towards  each  other. 

Again,  pass  the  currents  in  the  opposite  directions  and  we  get 
these  other  curves  and  the  currents  repel  each  other.  If  we 
assume  that  the  lines  of  force  are  like  rubber  bands,  which  tend 
to  shorten  in  the  direction  of  their  length  and  repel  each  other 
sideways,  Faraday  and  Maxwell  have  shown  that  all  magnetic 
attraction  and  repulsions  are  explained.  The  property  which  the 
presence  of  the  electric  current  has  conferred  on  the  luminif erous 
ether  is  then  one  by  which  it  tends  to  shorten  in  one  direction 
and  spread  out  in  the  other  two  directions. 

We  have  thus  done  away  with  action  at  a  distance,  and  have 
accounted  for  magnetic  attraction  by  a  change  in  the  intervening 
medium  as  Faraday  partly  did  almost  fifty  years  ago.  For  this 
change  in  the  surrounding  medium  is  as  much  a  part  of  the  elec- 
tric current  as  anything  that  goes  on  within  the  wire. 

To  illustrate  this  tension  along  the  lines  of  force,  I  have  con- 
structed this  model  which  represents  the  section  of  a  e^il  of  wire 
with  a  bar  of  iron  within  it.  The  rubber  bands  represent  the 
lines  of  force  which  pass  around  the  coil  and  through  the  iron  bar, 
as  they  have  an  easier  passage  through  the  iron  than  the  air.  As 
we  draw  the  bar  down  and  let  it  go,  you  see  that  it  is  drawn  up- 
ward and  oscillates  around  its  position  of  equilibrium  until  fric- 
tion brings  it  to  rest.  Here,  again,  I  have  a  coil  of  wire  with  an 
iron  bar  within  it  with  one  end  resting  on  the  floor.  As  we  pass 
the  current  and  the  lines  of  magnetic  force  form  around  the  coil 
and  pass  through  the  iron,  it  is  lifted  upwards  although  it  weighs 
34  pounds  and  oscillates  around  its  position  of  equilibrium  ex- 
actly the  same  as  though  it  were  sustained  by  rubber  bands  as  in 
the  model.  The  rubber  bands  in  this  case  are  invisible  to  our 
eye  but  our  mental  vision  pictures  them  to  us  as  lines  of  mag- 
netic force  in  the  luminif  erous  ether  drawing  the  bar  upward  by 
their  contractile  force.  This  contractile  force  is  no  smaU  quan- 
tity, as  it  may  amount,  in  some  cases,  to  one  or  even  two  hundred 
pounds  to  the  square  inch,  and  thus  rivals  the  greatest  pressure 
which  we  use  in  our  steam  engines. 

Thus  the  luminiferous  ether  is,  to-day,  a  much  more  import- 
ant factor  in  science  than  the  air  we  breathe.  We  are  constantly 
surrounded  by  the  two,  and  the  presence  of  the  air  is  manifest  to 
us  ail ;  we  feel  it,  we  hear  by  its  aid  and  we  even  see  it,  under 
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favorable  circumstances,  and  the  velocity  of  its  motion  as  well  as 
the  amount  of  moisture  it  carries,  is  a  constant  topic  of  conver- 
sation with  mankind  at  large.  The  luminif  erous  ether,  on  the 
other  hand,  eludes  all  our  senses  and  it  is  only  with  imagination, 
the  eye  of  the  mind,  that  its  presence  can  be  perceived.  By  its 
aid  in  conveying  the  vibrations  we  call  light,  we  are  enabled  to 
see  the  world  around  us,  and  by  its  other  motions  which  cause 
magnetism,  the  mariner  steers  his  ship  through  the  darkest  night 
when  the  heavenly  bodies  are  hid  from  view.  When  we  speak 
in  a  telephone,  the  vibrations  of  the  voice  are  carried  forward  to 
the  distant  point  by  waves  in  the  luminif  erous  ether,  there  again 
to  be  resolved  into  the  sound  waves  of  the  air.  When  we  use  the 
electric  light  to  illuminate  our  streets,  it  is  the  luminiferous  ether 
which  conveys  the  energy  along  the  wires  as  well  as  transmits  it 
to  our  eye  after  it  has  assumed  the  form  of  light.  We  step  upon 
an  electric  street  car  and  feel  it  driven  forward  with  the  power 
of  many  horses,  and  again  it  is  the  luminiferous  ether,  whose  im- 
mense force  we  have  brought  under  our  control  and  made  to 
serve  our  purpose.  No  longer  a  feeble  uncertain  sort  of  medium, 
but  a  mighty  power,  extending  throughout  all  space  and  binding 
the  whole  universe  together,  so  that  it  becomes  a  living  unit  in 
which  no  one  portion  can  be  changed  without  ultimately  involv- 
ing every  other  portion. 

To  this,  ladies  and  gentlemen,  we  have  been  led  by  the  study 
of  electrical  phenomena,  and  the  ideas  which  I  have  set  forth 
constitute  the  most  modem  views  held  by  physicists  with  respect 
to  electric  currents. 
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SOME  EECENT  ELECTRICAL  WORK  ON   THE   ELE- 
VATED RAILROADS  AND  ITS  BEARING  ON 
THE  RAPID  TRANSIT  PROBLEM. 


BY    LEO   DAFT. 


It  18  particularly  noticeable  that  all  who  have,  so  far,  considered 
the  question  of  rapid  transit  for  the  city  of  New  York,  have  as- 
sumed that  it  is  so  deficient  in  these  facilities  that  the  question 
was  of  the  most  immediate  and  vital  importance,  and,  while  1  do 
not  for  a  moment  wish  to  underestimate  the  urgency  of  the  de- 
mand to  meet  the  rapid  growth  which  has  already  almost  over- 
taxed the  elevated  system,  we  should  not  lose  sight  of  the  fact 
that  New  York  has  even  to-day,  all  things  considered,  a  better 
rapid  transit  system  than  any  other  city  in  the  world.  In  evi- 
dence of  this  it  is  only  necessary  to  cite  the  facts  that  one  may 
enter  a  well-appointed  car  at  the  Battery,  and,  traveling  through 
the  best  atmosphere  of  the  city,  be  carried  with  remarkable 
smoothness  to  Fifty-ninth  street  in  26  minutes,  or  at  the  average 
speed  of  12  miles  per  hour  including  stops,  and  in  about  this 
maimer,  the  elevated  system  contrives  to  carry  one-half  million 
passengers  per  diem  for  a  lower  rate  of  fare  than  is  done  in  any 
other  city  for  similar  accommodations,  and  with  a  smaller  pro- 
portion of  accidents  than  may  be  found  on  any  steam  road  in  the 
world  making  an  equal  number  of  stops  per  one  hundred  miles 
run.  On  a  recent  holiday,  namely,  April  30th  last,  835,721  pas- 
sengers were  carried  on  this  much  abused  system  without  notice- 
able detention  or  accident — but  New  York  wants  more,  and  in 
view  of  the  rapidly  growing  traffic  which  has  already  almost  ex- 
ceeded the  ability  of  the  system,  it  must  be  admitted  that  the 
demand  is  a  pressing  one,  as  this  one  half  million  will  grow 
to  one  million  in  a  short  time,  and  it  is  exceeding  improbaWa  that 
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any  steam  motor  can  be  devised  to  permit  of  this  increase,  at  least 
on  the  present  structures,  without  subjecting  them  to  quickly 
destructive  strains.  With  steam,  therefore,  the  only  avenue 
open  for  increasing  the  passenger  capacity,  namely  the  use  of 
longer  trains,  is  obviously  out  of  the  question,  since  it  is  a  notor- 
ious fact  that  the  present  motors  are  taxed  to  their  utmost. 

To  the  mind  of  the  mechanical  engineer,  having  in  view  the 
ordinary  coefficients  of  tractive  ability,  there  is  no  remedy  for  this, 
but  I  think  I  shall  be  able  to  produce  at  least  some  little  evidence 
that,  owing  to  certain  effects  which  have  not  yet  been  satisfac- 
torily explained,  an  electric  motor  may  be  made  capable  of  solv- 
ing the  problem  at  least  so  far  as  the  ultimate  strength  of  the 
present  elevated  structure  will  permit,  inasmuch  as  the  effects 
alluded  to  certainly  do  increase  the  tractive  ability  beyond  that 
•  obtained  by  the  use  of  any  coefficients  which  may  be  found  in  the 
works  of  that  eminent  authority,  D.  K.  Clark,  or  still  later  in  the 
excellent  treatise  on  the  "  Economic  Theory  of  Railroad  Loca- 
tion," by  A  M.  Wellington. 

That  these  coefficients  are  not  absolutely  trustworthy  is  evident 
not  only  in  the  hesitancy  with  which  they  are  treated  by  these 
authors,  but  also  from  the  fact  that  varying  coefficients  are  to  be 
found  in  use  by  practical  men,  where  the  conditions  do  not  differ 
in  any  appreciable  degree.  This  is  noticeable  to  the  extent  of 
nearly  twenty  per  cent — vide  D.  K.  Clark  and  A.  M.  Wellington. 
I  will  not,  therefore,  make  pretense  to  great  precision  on  this 
point,  as  the  matter  is  one  yet  under  investigation,  but  to  quote 
an  extreme  case  I  trust  I  may  be  pardoned  for  going  back  so  far 
as  the  year  18S2  to  the  first  series  of  experiments  in  which  this 
increased  tractive  capacity  was  observed  and  carried  to  its  ap- 
parent maximum. 

During  a  series  of  experiments  with  small  motors,  made  at  the 
works  of  the  Daft  Company,  at  Greenville,  N.  J.,  in  the  year 
above  quoted,  I  constructed  an  adjustable  incline  upon  which  a 
small  motor  was  caused  to  ascend  with  a  gradually  increasing 
gradient  until  the  extraordinary  angle  of  2,900  feet  per  mile,  or 
54.9  per  cent.,  was  reached.  Up  to  this  point  the  motor,  weigh- 
ing 450  lbs.,  plus  one  man,  weighing  150  lbs.,  total  600  lbs.,  was 
readily  started  from  a  position  of  absolute  rest  at  the  bottom,  and 
ascended  the  gradient,  being  occasionally  stopped  midway  and 
started  again  with  perfect  ease.  When  this  final  gradient  was 
reached,  however,  the  ascension  was  less  easy  and  certain,  though 
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it  was  accomplished  several  times,  bnt  an  attempt  to  exceed  it  re- 
sulting in  failure  this  was  regarded  as  the  maximum  under  those 
circumstances. 

Xow  let  us  for  a  moment  consider  what  this  actually  indicated. 
A  motor  having  a  total  weight  of  600  lbs.  will  have  a  rolling  re- 
sistance certainly  equal  to  10  lbs.  per  ton,  making  2.26  lbs.  for 
this  item ;  at  54.9  per  cent,  the  grade  resistance  will  be  320.4, 
making  a  total  of  831.65  lbs.,  or  55.27  per  cent,  of  the  total 
weight,  considerably  more  than  double  the  ultimate  working 
limit  of  adhesion  under  the  most  favorable  condition  cited  by 
Wellington  in  the  work  already  quoted ;  but  as  these  conditions, 
namely,  a  perfectly  dry  rail  with  drivers  absolutely  free  from  any 
lubricant,  are  so  rarely  found  in  practice  as  to  be  scarcely  worth 
taking  into  account  in  every  day  work,  it  may  fairly  be  considered 
as  equal  to  three  times  the  ultimate  effort  usually  developed 
before  slipping  occurs. 

A  prominent  engineer  in  dismissing  the  idea  of  increased  trac- 
tion due  to  the  passage  of  a  current  between  the  adhesive  sur- 
faces, falls  into  the  error  of  assuming  that  the  effect  would  be  pre- 
cisely the  reverse  of  that  which  has  been  observed,  and  in  support 
of  his  argument  cites  the  case  of  the  lessened  friction  between 
the  metallic  points  and  the  cylinder  of  chalk  noted  in  a  well- 
known  instrument.  I  need  hardly,  however,  call  the  attention  of 
this  audience  to  the  entire  absence  of  any  proper  analogy  l)e- 
tween  these  two  cases.  That  the  motor  should  not  have  ascended 
this  gradient  I  am  well  aware — ^indeed,  out  of  the  commonest 
respect  for  such  authorities  as  Messrs.  Clark  and  Wellington,  it 
ought  to  have  stopped  at  the  bottom  of  the  gradient  meekly  ro- 
tating its  wheels,  but  1  was  confronted  by  the  indisputable  fact 
that  it  did  go  up,  and  did  it  every  day  with  perfect  regularity  for 
a  number  of  days,  before  many  gentlemen,  among  whom  were 
mechanical  engineers  who  could  not  account  for  that  state  of 
thing  at  all — ^and  frankly,  neither  could  I,  but  as  a  cold  fact  it 
outweighed  all  the  arguments  in  the  universe.  In  illustration  of 
my  own  doubts  on  the  subject  I  may  mention  a  little  instance 
that  occurred  at  that  time ;  I  had  written  to  a  mechanical  engi- 
neer of  my  acquaintance  stating  the  facts,  and  received  in  reply 
such  an  astonishing  array  of  diagrams  and  mathematical  proofs 
that  this  could  not  be  done  that  I  actually  went  into  the  yard  and 
had  the  motor  perform  the  feat  several  times  before  I  felt  strong 
enough  to  write  my  friend  in  a  half  apologetic  way,  acknowledg- 
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ing  the  sonndness  of  hie  views,  but  being  compelled  to  reiterate 
the  statement  that  the  thing  was  being  done  jnst  as  I  stated. 

But  seriously  speaking,  the  significance  of  this  test  can  scarcely 
be  overestimated,  showing  as  it  undoubtedly  did,  the  possibilities 
of  working  .under  conditions  which  have  been  hitherto  considered 
impracticable. 

Now  I  do  not  for  a  moment  pretend  to  assert  that  either  dyna- 
mic or  static  adhesion  may  be  increased  to  this  extent  by  a  lai^ 
locomotive  under  the  conditions  of  ordinary  practice,  as  I  am 
fully  aware  from  subsequent  experiments  that  the  observed  eflPect 
in  this  instance  was  due  to  a  very  large  current  of  low  potential 
passing  through  the  very  small  contact-areas  pre^nted  by  wheels 
only  one  foot  in  diameter,  impinging  upon  a  light  sixteen-pound 
rail,  the  effect  is,  however,  undoubtedly  obtainable  to  the  extent  of 
at  least  thirty  per  cent.,  under  the  ordinary  conditions  of  railroad 
practice,  since  I  have  observed  it  many  times  with  a  dynamometer 
by  causing  the  current  to  pass  from  wheel  to  rail  in  one  series  of 
measurements  and  through  a  cable  connected  with  the  motor  in 
another  series,  and  in  this  way  results  as  high  as  thirty-five  per 
cent,  increase  have  been  many  times  noted.  In  addition  to  this 
it  is  more  than  probable  that  the  tractive  eflSciency  of  electric 
locomotives  is  higher  than  that  of  ordinary  steam  locomotives  for 
mechanical  reasons,  and  in  this  connection  I  cannot  do  better  than 
quote  Professor  John  E.  Sweet,  in  a  recent  article  in  the  Avieri- 
can  Machinist^  since  it  is  put  in  a  direct,  clear,  and  simple  man- 
ner. But  as  Professor  Sweet  declines  to  admit  the  increase  to  be 
due  to  electrical  action,  I  quote  him  simply  in  evidence  of  one  of 
the  mechanical  advantages  of  tlie  electric  motor  : 

TEACTIVK  EFFICIENCY  OP  ELECTRIC  LOCOMOTIVES. 

Reference  has  been  made  to  the  fact  that  the  electric  locomotive  will  draw  a 
considerably  heavier  load  than  the  steam  locomotive  of  the  same  weight,  and 
the  suggestion  advanced  that  it  is  due  to  some  electric  condition  of  the  rails  and 
wheels,  while  I  believe  it  has  been  clearly  shown  that  certain  things  slide  one 
upon  the  other  much  more  freely  when  a  current  of  electricity  is  passing  from 
one  to  the  other  than  when  not.  I  do  not  know  whether,  in  the  case  of  the 
Ninth  avenue  cars,  electricity  passes  from  the  wheels  to  the  track,  but  if  it  does, 
the  result  is  quite  the  reverse  from  the  action  assumed  in  the  case  of  the  loco- 
motive wheels,  and  it  does  not  seem  at  all  necessary  to  refer  the  matter  to  any 
electrical  or  magnetic  theory,  as  the  mechanical  conditions  alone  are  such  as  to 
explain  the  apparent  inconsistency,  and  in  this  way  :  The  power  of  the  electric 
motor  is  constant  and  the  steam  intermittent.  If  the  steam  locomotive  has  but 
a  single  cylinder,  and  the  power  required  to  draw  the  train  be  700  lbs,  the  force 
exerted  by  the  piston  would  be  zero  when  the  crank  was  at  the  dead  center, 
and  1,100  lbs.  at  the  maximum  ;  so  that  while  the  electric  motor  d(^g4Jie  ^mp 
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work  would  exert  only  700  lbs.  toward  slipping  the  wheels,  the  steam  locomo- 
tive with  one  cylinder  would  at  times  exert  a  force  of  1,100  lbs.  This  assump- 
tion does  not  take  into  account  the  varying  steam  pressure,  nor  the  angularity 
of  the  connecting  rod,  which  in  certain  positions  would  make  it  more,  nor  the 
weight  of  the  reciprocating  parts  and  the  inertia  of  the  drivers,  which  would 
make  it  less,  though,  as  slipping  takes  place  in  starting  the  train,  the  inertia 
would  have  but  little  influence. 

It  is  true  that  the  steam  locomotives  are  not  single  cylindered.  and  at  first 
«ight  it  would  seem  that  that  makes  a  vast  difference,  and  that  with  two  cylind- 
ers the  impulse  is  almost  constant ;  but  even  assuming  the  pressure  to  be  con- 
stant throughout  the  stroke,  as  was  assumed  with  the  single  cylinder,  the  rotar}' 
effect  of  the  two  cylinders  is  not  constant,  and  (unless  I  am  badly  mixed  in  my 
diagram)  with  a  mean  1,400  lbs.,  or  double  the  mean  of  the  ^ngle  cylinder, 
there  will  be  a  minimum  of  1,100  lbs  ,  and  a  maximum  of  1,571  lbs.  This 
variation,  together  with  the  varying  steam  pressure  on  the  piston,  it  would  seem, 
is  sufficient  to  account  for  the  extra  efficiency  of  the  electric  motor,  if  I  am  cor- 
rect in  my  assumption  that  the  limit  in  both  cases  is  the  flipping  of  the  drivers. 

I  liave  dwelt  longer  on  this  branch  of  the  enbject  than  it  might 
seem  to  warrant  for  the'  reason  that  an  eminent  authority,  in  a 
paper  read  some  three  or  four  years  ago,  emphatically  declined 
to  admit  this  line  of  argument  or  the  existence  of  this  effect,  and, 
in  strongly  advocating  a  multiple  motor  system,  declared  that 
increased  weight  was  the  only  possible  means  of  increasing  the 
tractive  ability  of  the  motors  and  that  to  propose  any  other  plan 
was  simply  to  shut  our  eyes  to  plain  mechanical  and  engineering 
truths.  I  am  pleased  to  observe  that  in  a  later  paper  the  truth 
of  the  effects  which  I  had  discovered  and  strenuously  insisted 
u|ion  early  in  1883,  have  been  acknowledged  by  the  same 
authority. 

Referring  to  the  plan  of  multiple  motors  where  it  was  proposed 
to  use  one  or  two  machines  on  each  car,  while  there  can  be  no 
question  that  the  advantages  are  theoretically  very  marked  in 
some  directions,  I  think  the  multiplication  of  motive  parts,  neces- 
sarily much  smaller  and  more  liable  to  derangement  than  those 
on  one  machine  of  equivalent  power,  together  with  enormously 
increased  first  cost,  and  cost  of  attendance  and  repairs,  present 
pnctical  disadvantages  from  which  any  railroad  manager  would 
naturally  shrink ;  and,  notwithstanding  the  able  manner  in  which 
this  plan  has  been  presented  and  its  obvious  theoretical  solution 
of  a  much  vexed  problem,  I  do  not  see  any  reason  for  changing 
my  original  plan ;  on  the  contrary,  exhaustive  experiments  re- 
<5ently  conducted  lead  me  to  the  conclusion  that  the  problem  may 
be  readily  solved  in  another  way. 

Lest  any  misunderstanding  should  exist  as  to  the  object  of  tl^s 
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series  of  tests,  permit  me  here  to  remind  yon  that  this  motor  was 
not  expected  to  solve  the  problem  by  towing  longer  trains  at 
higher  speeds  than  are  at  present  attained.  It  was  simply  for  the 
purpose  of  proving  that  a  machine  weighing  little  more  than  one 
half  the  present  motors  would  equal,  or  nearly  equal,  their  per- 
formance in  that  respect,  and,  while  it  must  be  admitted  that  in 
the  matter  of  acceleration  on  the  heavier  gradients  the  steam 
motors  still  show  somewhat  greater  ability,  the  result  of  the  test 
indisputably  proves  that,  with  motors  of  the  same  weight  as  those 
now  employed,  at  least  six  car  trains  on  the  Ninth  Avenue,  and 
seven  to  eight  car  trains  on  the  Sixth  Avenue,  may  be  propelled  at 
a  considerably  higher  average  speed  than  at  present,  and  when  the 
absence  of  reciprocating  parts  is  taken  into  account,  the  advan- 
tage on  the  side  of  the  electric  motor,  in  lessening  the  destructive 
strain  on  the  structure,  will  form  an  important  factor  in  the 
economy  of  operation.  That  the  absence  of  this  destructive 
strain  is  no  idle  dream  of  the  mechanical  engineer  has  been  fully 
realized  by  many  competent  observers  of  the  electric  trains,  and 
it  has  been  a  subject  of  general  remark  that  the  noise  of  the 
electric  train  is  merely  that  inseparable  from  the  rolling  of  wheels 
over  the  track,  the  motor  itself  making  no  more  noise  than  one 
of  the  cars  in  motion. 

I  refer  to  these  points  particularly  because  so  many  disappoint- 
ments have  been  experienced  by  the  public,  who  seem  to  expect 
the  electrical  genie  to  wave  his  magic  wand  over  the  earth  and 
cause  all  mechanical  difficulties  heretofore  experienced  to  vanish 
in  a  moment,  hence  it  is  pleasant  to  be  able  to  refer  to  the  actual 
accomplitshment  of  some  of  the  most  desirable  advances  in  munic- 
ipal rapid  transit. 

But  the  principal  object  is  to  show  without  fear  or  favor  that 
it  is  now  possible  to  run,  and  compete  with  steam  on  the  Ninth 
Avenue  railroad ;  and,  of  courae,  any  of  the  others  with  a  certain 
concrete  economy  based  upon  a  series  of  tests  made  under  circum- 
stances to  the  last  degree  prejudicial  for  an  economical  showing 
and  without  taking  into  account  the  great  gains  which  would  in- 
evitably result  from  the  use  of  a  large  central  station,  with  dynar 
rcos  of  the  highest  efficiency,  and  with  the  obvious  advantage 
resulting  from  the  operation  of  a  number  of  motive  units  under 
varying  loads  from  a  central  station  or  dwelling  upon  such  ab- 
stract economies  as  freedom  from  cinders,  dropping  water,  smoke 
and  noise.  t    r^r^riXo 
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Before  proceeding  to  a  review  of  the  actual  accomplishment, 
allow  me  to  briefly  describe  the  motive  machine  in  question.  The 
motor,  named  "  Ben  Franklin,"  consists  of  a  frame  having  two 
driving  wheels  coupled  by  discs  outside  the  bearings,  with  two 
cast-steel  cut  split  gears  mounted  on  the  back  axle  and  an  electric 
motor  pivoted  on  pedestals  at  the  rear  of  the  cab  and  supported 
on  similar  pedestals  with  a  screw  adjustment  for  raising  the  whole 
machine  to  remove  the  armature,  and  wrought  steel  pinions  in 
nearly  vertical  engagement  with  the  gears. 

It  is  evident  that  a  considerable  degree  of  resilience  is  not  per- 
missible with  such  an  arrangement,  but  a  sufficient  amount  to 
prevent  excessive  hardness  in  working  is  obtained  by  placing  al- 
ternating plates  of  rubber  and  iron  in  the  pedestals,  above  and 
below  the  bearings.  A  similar  arrangement  at  the  driver-bcjar- 
ings  cushions  the  machine  without  interfering  with  the  mesh  to 
an  appreciable  degree,  in  fact  what  little  wear  has  so  far  been 
observed  between  pinions  and  gears  shows  remarkable  uniformity 
of  engagement. 

Before  the  motor  was  placed  in  the  cab  it  was  deemed  advis- 
able to  make  a  few  Prony  brake  tests  of  its  ultimate  ability ;  it 
was  therefore  placed  in  the  central  station  at  15th  street  and  a 
series  of  tests  made,  resulting  in  the  development  of  128  horse 
power.  A  few  higher  readings  than  this  were  apparently  taken 
but  as  some  little  doubt  is  felt  as  to  the  accuracy  of  the  observa- 
tion, those  were  rejected  and  the  above  accepted  as  the  ultimate 
reading. 

The  piece  of  track  upon  which  the  experiments  have  been  con- 
ducted is  eminently  adapted  for  testing  the  tractive  ability  of  a 
motor  for  this  purpose,  since  there  is  only  one  piece  of  level  track, 
2200  feet  in  length,  the  rest,  embracing  a  distance  of  1,846  miles, 
consisting  of  gradients  varying  between  11.3  and  98.7  feet  per 
mile,  and  in  one  instance,  namely,  at  30th  street,  the  start  is  made 
only  a  few  feet  from  the  bottom  of  a  98.7  foot  gradient,  thus 
testing  the  tractive  capacity  of  the  motor  to  the  utmost. 

In  October  last,  e3q)eriments  with  this  machine  were  begun  on 
this  piece  of  track,  which,  through  the  courtesy  of  Col.  Hain, 
was  placed  at  my  disposal  from  9  o'clock  at  night  until  4  o'clock 
the  next  morning,  and  the  first  experiment  consisted  in  taking  a 
light  load  of  one  or  two  cars  over  the  road  to  test  the  conductor 
and  switch  connections.  This  was  gradually  increased  night  after 
night,  until  one  of  eight  Ninth  Avenue  carsj^.  ejacj^  weighing 
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12  tons,  was  towed  over  the  entire  road,  going  up  the  98.7  feet 
gitule  at  a  speed  of  7^  miles  per  hour,  and  making  the  entire  dis- 
tance in  7',  dS'',  or  at  an  average  speed  of  14.6  miles  an  hour. 
Although  a  drizzling  rain  prevailed  and  the  rails  were  moist,  there 
was  an  entire  absence  of  slipping. 

I  regret  that  at  the  time  of  this  experiment  we  were  not  using 
the  dynamometer,  but  taking  the  ordinary  coefficient  of  rolling 
friction  for  a  light  train  of  this  kind,  namely,  .004,  and  assuming 
the  grade  resistance  to  be  at  the  same  rate  per  cent,  of  the  total 
weight  of  the  train  as  the  rate  per  cent,  of  the  grade,  and  the 
rate  per  cent,  of  the  grade  being  1.86,  we  get  the  following, 
ij«xm_xMo^ gg  g  h.  p.  to  which  should  be  added  at  least  15  per 
cent,  for  friction  and  a  so-called  "  head  resistance  "  of  the  motor, 
equalling  14.37,  or  a  total  of  110.17  h.  p.  at  15th  street. 

The  maximum  velocity  obtained  by  that  train  on  the  level  in 
passing  233  street  was  24  feet  per  second,  or  16.36  miles  per  hour. 

These  tests  were  continued  for  several  weeks  at  intervals  of 
two  or  three  nights,  during  which  time  a  great  number  of  ex- 
periments were  tried  as  to  the  ability  of  the  motor  to  make  the 
switches,  start  on  gradients,  etc.,  and  I  am  able  to  state,  as  a  sim- 
ple matter  of  record,  that,  thongh  the  tests  were  of  the  most  ex- 
acting character,  absolutely  the  only  repairs  or  delay  during  all 
this  time  and  subsequent  tests  were  two,  once  when  a  spool  had 
to  be  removed  from  developing  a  contact,  which  caused  a  delay 
of  one  night,  and  the  other  time  when  a  moving  axle  wore  a  hole 
through  the  insulation  of  an  end  spool  and  caused  a. delay  of 
fifteen  minutes.  With  these  two  exceptions  the  motor  has  been 
ready  to  run  at  any  moment  during  the  whole  time,  in  spite  of 
the  roughest  treatment  and  being  left  on  the  track  exposed  to 
the  weather  for  months  past. 

I  think  I  am  entitled  to  say  that  these  results,  which  were  of 
course  carefully  watched  by  the  Manhattan  railway  officials,  led 
to  our  obtaining  permission  to  run  in  the  day  time  between  steam 
trains — ^a  permission  which  you  may  be  sure  would  not  have  been 
granted  on  a  rocul  which  has  a  world-wide  reputation  for  its  almost 
military  discipline  and  precision  of  management — if  the  motor 
had  not  earned  the  right  to  some  confidence.  On  the  28th  day  of 
January,  1889,  we  began  running  between  the  hours  of  11  and  2 
in  the  day  time,  which  was  continued  with  a  three-car  and  occa- 
sionally a  four-car  train,  running  express  until  the  12th  day  of 
February,  when  we  were  requested  to  take  a  train  x)f^at^jC^rs 
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loaded  with  iron  to  the  weight  of  an  average  four-car  train  with 
seventy-five  to  one  hundred  passengers,  in  lieu  of  the  light  train 
formerly  employed.  With  this  train,  weiging  in  all  70  tons,  I  made 
several  trips  over  the  road  between  the  ordinary  steam  trains, 
but  finding  the  brakes  hardly  trustworthy  enough  for  such  criti- 
cal work  with  trains  only  three  minutes  from  us  on  either  side, 
it  was  decided  to  discontinue  this  service  and  a  four-car  Sixth 
avenue  train  was  substituted.  With  this  train  several  trips  were 
made,  but  in  consequence  of  the  absence  of  air  brakes  it  was  not 
considered  advisable  to  proceed  with  the  ordinary  "stop  run," 
and  the  remainder  of  the  work  was  done  at  night.  But  I  may 
say  that  during  this  period  of  30  days  with  one  exception  above 
noted,  not  the  slightest  detention  was  caused  to  the  regular  trains, 
as  we  were  always  able  to  switch  onto  the  track,  make  our  trip 
and  get  back  onto  the  switch  at  50th  street  without  interfering 
with  the  steam  trains  in  the  least. 

A  number  of  experiments  made  about  this  time  show  that  the 
mean  speed,  with  a  three-car  empty  train,  running  express  on  the 
up-town  track,  was  about  23  miles  per  hour,  tliough  on  the  level, 
the  ability  of  the  motor  with  a  similar  train  is  nearly  28  miles 
per  hour.  This  is  by  no  means  the  limit  of  speed  which  the 
motor  is  capable  of  attaining,  for  as  will  be  seen  by  reference  to 
diagram  No.  1,  the  work  of  acceleration  was  still  in  progress  when 
the  gradient  at  24th  street  was  encountered,  hence  it  seems  per- 
fectly fair  to  assume  that,  even  with  that  40  ton  train,  the  maxi- 
mum level  speed  is  not  shown.  With  a  lighter  load  the  speed 
would  undoubtedly  be  much  greater,  but  for  prudential  reasons 
it  was  not  deemed  well  to  push  this  matter  of  speed  to  its  extreme 
limit,  especially  in  view  of  the  fact  that  the  machine  was  not  de- 
signed for  a  speed  of  over  25  miles  per  hour,  and  any  derange- 
ment resulting  from  excessive  peripheral  armature  speed  might 
have  prevented  my  ability  to  present  a  clean  record  to-night. 

To  any  one  traveling  on  a  structure  similar  to  the  Ninth  av- 
enue elevated  road  a  speed  of  28  miles  per  hour,  particularly  at 
night,  and  at  an  altitude  of  thirty  feet,  seems  to  be  suiBcient  for 
all  practical  purposes,  and  I  must  confess  that  in  driving  the 
motor  at  that  speed  under  those  conditions,  I  was  conscious  of  a 
marked  absence  of  any  desire  to  greatly  increase  it;  neither  does  it 
seem  to  be  necessary  that  greater  speeds  than  thirty  miles  per  hour 
should  be  attained  in  the  city  limits  (by  express  trains)  to  meet 
all  the  proper  requirements  of  rapid  transit,  an^^^^^n  the  great 
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power  which  experiment  shows  to  be  required  for  the  accelerat- 
ive  effort  between  the  frequent  stations,  and  with  the  compara- 
tively heavy  trains  on  the  Sixth  and  Third  avennes  are  taken  in- 
to account,  it  is  extremely  improbable  if  this  speed  will  ever  be 
exceeded  between  stations  on  these  structures. 

Referring  to  the  methods  adopted  in  making  the  measurements 
which  are  plotted  on  the  diagrams,  it  should  be  noted  that  wher- 
ever any  doubt  existed  as  to  the  effect  of  the  personal  equation 
in  the  observations,  changes  were  made  in  the  observers,  and  the 
experiments  repeated,  so  as  to  leave  scarcely  a  possibility  of  any 
material  error,  and  in  order  that  the  always  objectionable  average 
statement  should  not  contribute  to  confuse  the  result,  the  dia- 
grams were  taken  from  a  number  of  similar  ones  which,  after 
careful  examination  were  found  to  most  fairly  represent  the  mean 
effects.  They  are,  therefore,  within  the  limits  of  error  in  observa- 
tion, the  exact  results  of  actual  performance. 

In  order  to  measure  the  speeds  with  sufficient  accuracy  for  all 
practical  purposes,  I  divided  the  track  into  nineteen  sections  of 
500  feet,  each  section  being  provided  with  a  thin  copper  plate 
attached  to  the  guard  rail  at  the  side  of  the  track,  and  connected 
with  the  copper  rod  or  insulated  side  of  the  conductive  system. 
This  plate  was  made  as  short  as  possible  to  insure  a  complete  con- 
tact without  occupying  an  appreciable  interval.  A  copper  brush 
attached  to  the  motor  in  such  a  manner  as  to  travel  on  the  top  of 
the  guard  rail  was  connected  with  one  terminal  of  a  chronograph 
of  the  well  known  type,  which  we  made  for  this  purpose,  consist- 
ing of  a  paper  covered  cylinder  rotated  at  a  uniform  speed  by 
clock  work,  and  a  stylus  actuated  by  an  electro-magnet  so  as  to 
penetrate  the  paper  at  every  closure  of  circuit.  This  instrument 
was  carefully  tested  and  the  results  verified  by  experiments 
before  the  readings  were  accepted.  The  indicator  cards  were 
taken  at  the  central  station  by  Mr.  Tdell  and  his  assistants,  after  a 
careful  comparison  of  watches  so  as  to  insure  synchronism  in 
observing  the  effects  of  acceleration  and  gradients.  The  dynamo- 
meter used  was  a  very  fine  specimen  of  the  liquid  type  owned  by 
the  Manhattan  railway,  and  made  by  Mr.  Shaw,  of  Philadelphia, 
and  after  careful  calibration  by  Mr.  Shaw  and  Mr.  Idell,  was 
found  to  be  accurate  within  an  inappreciable  amount.  The  dy- 
namometric  readings  I  have  omitted  from  these  observations  for 
the  reason  that  they  were  found  to  throw  so  much  light  upon  the 
ordinarily  accepted  coefficients  of  train  resistance  under  man^iof 
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the  conditions  which  the  text-books  have  not  yet  considered,  and 
especially  the  formulse  relating  to  the  subject  of  acceleration,  that 
time  would  not  permit  a  thorough  digest  of  the  results,  hence  it 
was  deemed  better  to  leave  this  part  of  the  subject  for  later  con- 
sideration, and  I  trust  you  will  shortly  hear  from  Mr.  Idell  on 
this  subject,  in  his  usually  able  and  thorough  manner. 

Referring  to  the  diagram  No.  1,  representing  the  run  of  a  two- 
car  express  train,  having  a  total  weight  of  40  tons,  it  will  be  seen 
that  the  initial  indicator  card  is  exceedingly  high  as  compared 
with  the  apparent  effort  required.  The  reason  for  this  is  that 
our  plan  in  taking  the  cards  was  to  make  the  first  one  at 
the  instant  of  closing  the  circuit,  thus  giving  a  card  due  to  the 
simple  dead  resistance  of  the  motor  which,  with  a  ratio  of  peri- 
pheral velocities  necessary  for  this  work  and  a  speed  of  30  miles 
per  hour,  would  necessarily  be  low  and  occupy  at  least  a  few  sec- 
onds in  developing  an  economic  working  resistance,  unlesa  a 
somewhat  complicated  arrangement  was  resorted  to.  But  this 
point  will  be  later  referred  to. 

Following  the  speed  line  it  will  be  seen,  as  might  be  expected, 
since  we  see  that  the  accelerative  effort  is  rapidly  diminishing  to- 
wards the  foot  of  the  gradient,  that  the  indicator  cards  become  a 
minimum  at  the  maximum  velocity  of  the  train,  but  quickly  rise 
beyond  27th  street,  where  the  gradient  is  98.6  feet  per  mile.  The 
effect,  however,  of  acquired  momentum  is  here  very  evident,  since 
neither  the  indicator  cards  nor  the  declining  velocity  are  at  all 
proportionate  to  the  resistance  imposed  by  the  gradient,  and  the 
speed  of  the  train  varies  but  little  from  this  point  to  4:6th  street, 
being  only  slightly  increased  on  the  down  grade  between  34th 
and  42d  streets,  due  to  a  change  in  the  combination  for  the  pur- 
pose of  checking  what  would  otherwise  have  been  too  great  speed 
for  safety.  The  dips  in  the  indicator  line  between  36th  and  37th 
streets  is  occasioned  by  the  cards  having  been  taken  at  the  in- 
stant of  the  change  in  combination  ;  at  46th  street  the  decrease 
in  speed  is  the  result  of  encountering  the  gradient,  76.1  feet  per 
mile,  and  between  48th  and  49th  streets  the  circuit  was  opened 
for  the  stop  at  50th  street,  when,  as  will  be  seen,  the  indicator 
line  quickly  drops  to  the  friction  card  only.  This  run  of  1.846 
miles  was  made  in  4  minutes  and  51^  seconds,  as  recorded  by  the 
chronograph.  This  is  at  the  mean  speed  of  22.86  per  hour,  with  a 
maximum  of  28.4  miles  per  hour  indicated  on  the  up  gradejlri;^ 
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twecn  44th  and  46th  streets.  The  speed  in  passing  23d  street,  the 
end  of  the  level  stretch,  was  2S  miles  per  hour. 

The  mean  power  exerted  at  the  central  station  for  propulsion 
daring  this  trip  was  103  horse  power,  which  will  compare  not 
unfavorably  with  steam  practice. 

Turning  to  diagram  No.  2,  representing  a  four-car  express  train, 
having  a  total  weight  of  70  tons,  or  about  the  average  weight  of 
a  four-car  loaded  Ninth  avenue  train,  we  are  confronted  with  the 
curious  fact  that  the  initial  indicator  card  is  lower  than  that  shown 
with  the  two-car  train,  but  a  careful  examination  of  the  two  dia- 
grams will  show  that  the  card  was  taken  a  few  seconds  after  the 
stop  and  not,  as  in  the  case  of  the  two  car  train,  at  the  instant  of 
closing  the  circnit.  The  effect,  therefore,  of  the  rapid  develop- 
ment of  working  resistance  is  very  clearly  shown  and  is  a  most 
important  factor  in  considering  the  high  initial  cards,  since  they 
are  of  only  an  instant's  duration  and  hence  comparatively  unim- 
portant in  their  effect  upon  the  total  power  required  to  run  a 
considerable  number  of  trains  at  one  time.  In  this  run  the  char- 
acteristics of  the  two-car  run  are  very  nearly  reproduced,  though 
it  is  particularly  noticeable  that  the  indicator  line  does  not  show 
80  large  an  increase  as  one  might,  at  first  thought,  expect 
from  doubling  a  number  of  cars,  but  this  is  accounted  for  by  the 
greater  ratio  which  the  friction  and  load  of  the  motor  presents  to 
the  two-car  train. 

The  total  time  of  the  trip  with  this  train,  consisting  of  4  Sixth 
avenue  cars,  each  weighing  15  tons,  plus  the  motor,  weighing  10 
tons,  was  six  minutes  and  six  seconds,  with  a  mean  speed  of  18.15 
miles  per  hour,  and  with  a  maximum  speed  of  25.24  miles  per 
hour  between  42d  and  43d  streets,  which  is,  however,  almost 
equal  between  24th  and  25th  streets,  when,  as  above  noted,  ac- 
celeration was  still  in  progress.  The  mean  power  exerted  at  the 
central  station  on  this  run  was  129.3,  resulting  from  91  ordinate 
readings.  This  result  is  almost  exactly  the  same  as  the  running 
time  of  the  express  steam  trains  of  equal  weights  over  the  same 
distance  and  may  be  repeated  at  any  time. 

Comparing  the  two  former  with  diagram  No.  8,  representing  a 
four  car  "  stop  run,"  several  of  which  were  made  chiefly  for  the 
purpose  of  demonstrating  the  ability  of  so  light  a  motor  to  stop 
at  the  foot  of  a  gradient  of  98.7  feet  per  mile,  as  at  30th  street, 
with  a  train  of  70  tons ;  and  ascend  the  gradient  from  a  position 
of  absolute  rest  with  ease.     These  "  stop-runs  "  wi^  llikjtrain, 
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were  made  many  times  without  encountering  any  diflSculty  what 
ever,  and  at  no  time  during  the  whole  tests  has  the  motor  shown 
indications  of  overload.  That  the  four-car  "  stop-runs"  were  not 
made  in  schedule  time  will  be  seen  by  the  diagram,  but  a  careful 
inspection  of  the  same  will  show  the  exceedingly  prejudicial 
effect  of  the  absence  of  an  efficient  brake  system,  compelling  the 
opening  of  the  circuit  two  or  three  blocks  before  the  station  is 
reached,  in  order  to  ensure  a  proper  stop  at  the  platform.  This 
is  graphically  shown  on  the  indicator  lines  of  the  diagram  where 
the  circidt  is  seen  to  be  open  at  19th  street,  for  the  stop  at  23rd, 
thus  considerably  lowering  the  speed,  and  of  course  stopping  the 
rapid  acceleration  shown  on  the  speed  line  at  the  third  chrono- 
graph station.  This  disadvantage  was  so  marked  that  I  do  not 
present  the  four-car  "  stop-run  "  as  evidence  of  anything  but  the 
ability  of  the  motor  heavily  loaded  to  ascend  the  gradients  under 
the  exacting  conditions  of  an  exceedingly  difficult  piece  of  track. 

That  there  is  not  a  marked  difference  between  the  ten  ton 
motor  and  the  eighteen  ton  locomotive  in  the  initial  effort  on  the 
level,  may  be  seen  by  comparing  a  run  observed  by  a  Manhattan 
railroad  official,  on  March  9th,  last,  with  a  steam  motor  and 
three-car  train  with  75  passengers,  or  a  total  of  about  57i  tons ; 
we  see  that  while  the  steam  motor  required  one  minute  and 
thirty-nine  seconds  to  make  the  distance  from  14th  to  23d  streets, 
the  electric  motor  in  diagram  No.  3,  accomplished  the  trip,  with 
a  train  weighing  14  tons  more,  in  one  minute  and  fifty  seconds, 
or  only  eleven  seconds  added  for  the  increased  14  tons.  Surely 
not  a  discouraging  exhibit,  considering  the  fact  that  while  the 
absence  of  powerful  brakes  compelled  the  opening  of  the  circuit 
at  19th  street,  the  throttle  of  the  steam  motor  was  probably  open 
up  to  22d  street,  although  on  this  point  I  have  no  direct  evidence 
— ^but  that  is  the  usual  practice. 

Before  dismissing  this  diagram,  I  will  again  remark  that  while 
the  mean  speed  was  not  equal  to  the  ordinary  schedule  of  the 
Ninth  avenue  road,  it  is  nearly  equal  to  that  of  the  Third 
avenue,  with  22  ton  motors  and  80  ton  trains.  In  considering 
the  apparent  mean  expenditure  of  power  at  the  central  station, 
it  should  be  borne  in  mind  that  the  efforts  exerted  by  these 
motors  on  such  rapidly  varying  gradients,  and  over  such  short 
distances  on  the  elevated  railroads,  are  not  by  any  means  repre- 
sented by  the  ordinary  coefficients  of  train  resistance  and  effects 
of  gravity,  as  it  has  been  before  pointed  out  very  clearly  bj  othera 
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that,  while  the  up  grades  always  exert  their  full  effect,  the  ad- 
vantage generally  obtained  from  down  grades  on  long  runs  by 
acquired  momentum,  is  here  nearly  always  lost  by  the  position 
of  the  gradients  with  reference  to  the  stops.  It  has  been  shown 
by  Messrs.  Sinclair  and  Campbell  that  on  the  Third  avenue  road 
with  the  80  ton  trains  and  22  ton  motors,  170  horse  power  is  not 
infrequently  exerted,  hence  to  consider  this  problem  merely  by 
the  ordinary  coefficients  of  rolling  friction  and  gravity  resistance 
would,  and  does  frequently,  lead  to  very  serious  errors  in  com- 
puting the  amount  of  power  actually  used,  on  short  railroads, 
with  frequent  stops. 

However  it  is  not  my  purpose  to  enter  into  the  niceties  of 
train  resistance,  since  the  best  authorities  differ  widely  on  these 
points,  and  theoretical  economics  form  no  part  of  the  present 
subject.  But  as  I  think  I  am  presenting  to  you  for  the  first 
time  a  critical  examination  of  actual  competition  with  steam 
motorp  on  steam  roads,  in  the  work  of  towing  entire  trains,  I 
trust  you  will  not  fail  to  recognize  that  electricity  is  at  last 
measured  and  weighed  against  its  most  formidable  opponent  in 
railway  practice. 

For  many  years  the  electric  motor  struggled  hard  to  prove  its 
ability  to  compete  with  even  the  most  costly  competitors,  namely, 
manual  labor,  and  even  here  the  introduction  of  the  dynamo 
machine  was  necessary  to  achieve  the  victory ;  then  quickly  fol- 
lowed the  long  competitive  battle  with  horses,  in  which  it  is  evi- 
dent the  equine  has  been  signally  defeated,  and  to  wrest  a  victoir 
from  the  steam  locomotive  in  its  own  domain  is  quite  another 
matter,  but  I  think  you  will  agree  with  me,  that  proof  of  a  large 
economy  in  the  vital  item  of  fuel,  under  decidedly  adverse  cir- 
cumstances, may  be  so  construed  without  dangerous  optimism ; 
and  the  result  of  all  these  tests  has  seemed  to  prove  that  the 
measurements  might  be  laid  bare  witliout  in  the  least  shaking 
the  confidence  of  competent  judges  in  the  ability  of  the  electric 
motor  to  replace  steam  for  service,  at  least  as  severe  as  that  of 
the  elevated  railroad  systems ;  and  in  amplification  of  the  results 
obtained,  we  have  here  a  diagram  (No.  4)  graphically  represent- 
ing the  present  service  of  the  Ninth  avenue  elevated  road,  where 
the  positions  and  number  of  trains  for  all  hours  of  the  day  are 
plotted,  and  the  actual  horse-power  required,  as  shown  by  the 
indicator  cards. 
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No.  1. 
10  three-car  trains  to  be  run  under  six-minute  headway  between  59th  street 
and  South  Perry. 

Train  No.  Locattoa.  H.  P.  Required. 

10    Starting  at  59th  Street 200 

9    Up  grade  to  84th  street 150 

8  Running  on  level 180 

7  '•  •      180 

6  Starting  at  Battery  place 190 

5  •*  Rector  street 190 

4  Running  on  level 180 

3  •*  ••      180 

2    Down  grade  to  42nd  street — 

1  On  switch  at  59th  street — 

1260 
Add  10$:  for  contingencies 126 

Total 1376 

ESTIMATED  AMOTTNT  OP  POWSB  REQUIRED  TO  EQUIP.  ELBCTRICALLT  THE  NINTH 
AVENUE  DIVISION  OF  THE  MANHATTAN  ELEVATED  RAILWAY. 

10  four-car  trains  to  be  run  under  six-minute  headway  between  59th  street 
and  South  Ferry. 

Train  No.  Location.  H.  P.  Required. 

10  Starting  at  59th  street 200 

9  Up  52  feet  grade  to  84th  street 200 

d    Running  on  level 150 

7  "  "     150 

6  Starting  at  Battery  place  200 

5  "  Reclorstreet 200 

4  Runninfi;  on  level 150 

8  "  •'   150 

2  Down  grade  (52  feet)  to  42d  street — 

1        "         "    into  switch  69th  street — 

1400 
Add  10:1^  for  contingencies 140 

Total  1540. 

15  four-car  trains  to  be  run  under  four-minute  headway  between  59th  street 
and  South  Ferry. 
J^ocation  of  trains  when  train  No.  15  has  been  imder  way  two  minutes. 
This  gives  larger  results  than  when  train  No.  15  is  starting  from  59th  street. 

Train  No.  Location.  H.  P.  Required. 

16    Down  105  feet  grade  to  60th  street — 

14    Up  62  feet  grade  to  84th  street  200 

18    Running  on  level 150 

1 2    Starting  at  Christopher  street 200 

11  Running  on  level 150 

1 0    Starting  at  Cortland t  street 200 

9  •'         SouthFerry 200 
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Train  No.  Location.  H.  P.  Required. 

8  **         Battery  place 200 

7  •*         Barclay  street 200 

6  Runninj^  on  level  150 

5  '*  '•   150 

4  Up  grade  from  2dd  street  to  30th  street 200 

3  Down  grade  to  42d  street — 

-    2    Up  105  feet  grade  to  59th  street 250 

1  On  switch — 

2250 
Add  lOj?  for  contingencies 225 

Total 2475 

20  four-car  trains  to  be  run  under  three  minute  headway  between  59th  street 
and  South  Ferry. 

Advancing  trains  one  minute  from  start. 

Train  No.  Location.  H.  P.  Required. 

20  Down  grade  to  50th  street — 

19         "        "         42dstreet — 

18         •'        "         30th  street — 

17  Running  on  level 150 

16  "  "    150 

16  "  *' 150 

14  Starting  at  Franklin  street 200 

18  "         Barclay  street 200 

12  "         Battery  place 200 

11    Running  on  level 150 

10    Starting  at  Rector  street 200 

9  Rimning  on  level 150 

8  Starting  at  Warren  street 200 

7  Running  on  level 150 

6  ••  "    150 

5  '*  *•    150 

4  Starting  at  30th  street 250 

3  "        42dstreet 200 

2  Up  grade  to  59tt  street 220 

1    On  switch  at  59th  street — 

2870 
Add  \%  for  contingencies 287 

Total 3157 

RESUME. 

And  to  obtain  the  average  for  the  day. 

Train      Carson  Time  in  H.  P. 

No.         Train.  Headway.  Time  Service.  H.  P.  hours. 

A.  M.    A.  M.  hs.  min. 

10           4           6  minutes.    5.09  to  6.08  0  54  1540  800 

30           4           4        "         6.08  to  6.15  0  12  8157  681 

21  4           8        *•         6.15  to  7.00  0  45  8167  2367 
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Tnin 

CanoD 

Time 

in 

H.  P. 

No. 

Tnrfn. 

1 

headway. 

Time. 

Service. 

H.  P. 

hour;. 

• 

A.  M.      A.  M. 

hs. 

min. 

SO 

4 

4  minutes. 

7  00  to  7.24 

0 

24 

3157 

1815 

21 

4 

3 

i< 

7.24  to  7.41 

0 

17 

3157 

1052 

20 

4 

4 

«< 

7.41  to  9.08 

P.  M. 

1 

22 

3157 

4209 

10 

3 

6 

•  < 

9.08  to  4.15 

P.  M. 

7 

12 

1375 

9900 

20 

4 

4 

•* 

4.15  to  5.07 

0 

52 

3157 

2785 

22 

4 

3 

'* 

5.07  to  5.53 

0 

46 

8157 

2420 

20 

4 

4 

(< 

5.63  to  6.13 

0 

20 

8157 

631 

10 

4 

6 

'* 

6.13  to  9.00 

2 

47 

1540 

3880 

15  hs.  51  min.  29940 

Average  h.  p.  per  hour  ^W^  —  1871  h.  p. 

To  which  must  be  added  the  power  consumed  in  engine  and  dynamo  friction 
and  loss  in  line. 

1871 
Station  friction,  300 

2171  h.  p. 
Evaporation,  7.5  water  for  1  lb.  of  coal. 
Hence  coal  consumption, 
2171  X  16  X  2.2  —  38  +  8  tons  for  banking,  —  41  tons. 

att2.2o,— 192.25  per  day. 

From  this  table  it  will  be  seen  that  for  five  hours  out  of  the  six- 
teen of  daily  service  2870  h.  p.  would  be  required,  or  adding  10 
per  cent,  for  contingencies,  3157  h.  p.  during  these  times,  when 
twenty  and  twenty-one  four-car  trains  would  be  in  operation 
under  three  minutes  headway,  being  reduced  to  1250  h.  p.,  or, 
adding  10  per  cent,  for  contingencies,  1375  h.  p.,  for  the  seven 
hours  and  twelve  minutes  intervening  between  9.03  a.  m.  and  4.15 
p.  M.,  when  ten  trains  of  three  cars  are  in  service  under  six  min- 
utes headway,  while  during  fifty-four  minutes  6f  the  early  morn- 
ing, between  5.09  a.  m.  and  6.03  A.  m.,  and  the  late  evening 
service  of  two  hours  and  forty-seven  minutes,  between  6.13  p.  m. 
and  9  p.  m.,  in  which  case  ten  four-car  trains  are  in  service,  1400 
h.  p.  would  be  required,  or,  again  adding  10  per  cent.,  1540  h.  p. 

It  should  be  remarked  that  the  power  indicated  for  this  service 
might  be  very  advantageously  divided  up  into  four  engines  of 
800  h.  p.  each,  as  an  examination  of  the  traffic  table  will  show 
that  for  only  five  hours  per  diem  would  the  whole  of  them  be  re- 
quired, and  during  the  long  period  of  seven  hours  and  twelve 
minutes,  between  9.03  a,  m.  and  4.15  p.  m.,  two  of  the  engines 
would  be  ample  for  the  service.  ,  . 
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The  results  are,  however,  plotted,  and  show  that  the  total  horse 
power  per  diem  equals  29,940,  or,  divided  by  16,  the  number  of 
hours  of  service,  1871  h.  p.  per  hour,  and  adding  300  h.  p.  for 
dynamo  and  engine  friction,  the  total  should  be  2171  h.  p.  per 
hour,  which,  at  2.2  lbs.  of  coal  per  horse  power  per  hour,  equals  38 
tons  of  fuel  consumed  per  diem,  and  adding  three  tons  for  banking 
the  fires,  equals  41  tons,  at  $2.25  per  net  ton,  or  a  total  of  $95.25 
per  diem  for  fuel  alone. 

In  this  connection  T  should  mention  that  the  coal  here  referred 
to  is  a  mixture  which  may  be  obtained  at  the  dock  in  New  York 
for  about  $1.80  per  ton,  and  which  is  shown  by  Barrus  in  his 
work  entitled  "  Boiler  Tests,"  to  be  capable  of  evaporating  7i  lbs. 
water  per  pound  in  a  properly  constructed  furnace. 

There  are  several  makers  of  compound  engines  in  this  country 
who  will  guarantee  the  performance  of  their  engines  on  16  lbs.  of 
steam  per  horse  power  per  hour.  It  is  thus  evident  that  the 
amount  of  coal  above  referred  to  is  a  safe  one  for  modem  prac- 
tice on  so  large  a  scale.  The  present  locomotives  on  the  Ninth 
avenue  require  on  an  average  40  tons  of  coal  per  day  for 
motive  power  and  braking,  but  experience  has  shown  that  it  is 
economical  in  small  locomotive  practice  to  use  coal  of  the  best 
quality;  hence  the  cost  of  this  40  tons  of  coal  is  $200  per  day,  or 
more  than  double  the  cost  of  that  for  the  electric  motive  system. 

It  is,  of  course,  necessary  to  add  to  the  electric  estimate  a  num- 
ber of  charges,  such  as  wages  of  firemen  and  engineers  at  the 
central  station,  which  would  probably  bring  this  item  up  to  about 
$150  per  diem,  considering  other  items  balanced  by  their  practical 
equivalent  in  the  present  service  and  the  cost  of  repairs,  depre- 
ciation, etc.,  to  be  about  equal,  which  is  not  far  from  the  fact. 

It  is  thus  evident  that  without  considering  the  future  obvious 
advantages  which  must  necessarily  accrue  from  the  use  of  a  great 
central  station  equipped  with  dynamos  as  before  stated,  and  a 
conductive  system  ample  for  all  requirements  of  the  road,  that 
with  the  comparatively  wasteful  central  station  arrangement  we 
have  here  considered,  involving  the  use  of  small  dynamos  of  a 
very  old  type  placed  at  the  extreme  end  of  tlie  conductive  system, 
and  suffering  from  many  incidental  disadvantages,  that  it  is  pos- 
sible to  run  the  Ninth  avenue  elevated  road  with  electric  motors 
at  an  actual  and  considerable  saving  of  fuel  to-day,  and  if  this  is 
not  the  only  example  of  such  a  practical  demonstration,  as  opnos- 
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ed  to  direct  steam   propulsion,  it  is  at  least  the  first  I  have  been 
able  to  find  on  record. 

The  experience  of  these  extended  tests  and  almost  innumerable 
indicator  cards,  together  with  countless  observations  which  have 
been  made  during  the  past  eight  months,  have  naturally  borne 
fruit  in  eliminating  many  objectionable  features  which  only  such 
an  examination  could  develop ;  and  though,  as  has  been  said,  it 
is  no  part  of  the  object  of  this  paper  to  treat  with  other  than 
actually  accomplished  work,  it  seems  but  proper  to  add  that  the 
experience  gained  in  this  direction  has  been  embodied  in  another 
motor,  now  nearly  complete,  capable  of  not  only  doing  such  work 
as  is  at  present  accomplished,  but  of  solving,  at  least  for  the  near 
future,  the  vexed  problem  of  extended  traflSc  for  the  elevated 
railroads,  and,  though  no  actual  tests  of  it  have  yet  been  made, 
there  can  be  little  doubt,  judging  from  the  performance  of  the 
present  machine,  that  it  will  be  capable  of  towing  at  least  a  six- 
car  train  on  the  Ninth  avenue  elevated  road  with  a  consider- 
ably increased  average  speed  and  with  a  comparatively  low  initial 
effort,  due  to  a  change  in  the  proportions  of  parts  and  manner  of 
winding,  to  meet  the  peculiar  conditions  shown  in  the  diagram. 

In  this  arrangement  the  braking  of  the  motor  and  train  has 
been  electrically  provided  for,  also,  of  course,  the  lighting,  but  as 
this  machine  is  not  actually  finished,  I  will  not  further  refer  to 
it  other  than  to  call  your  attention  to  a  part  of  the  proposed 
plant,  namely,  the  conductor,  a  section  of  which  has  already  been 
placed  on  the  Ninth  Avenue  elevated  road  at  the  curve  below 
14th  street. 

There  are  also  economies  of  braking  and  in  the  manipulation 
of  the  train,  to  which  I  cannot  at  present  further  allude,  which 
would,  however,  in  all  probability,  considerably  reduce  the  work- 
ing expenses.  In  this  motor  the  experience  which  we  have  had 
in  handling  has  led  to  great  simplification  of  the  regulating  and 
reversing  gear,  so  that  one  man  may  handle  the  train  without  the 
least  assistance. 

That  the  plan  first  suggested  by  the  late  Sir  William  Siemens  of 
braking  the  train  by  converting  the  motor  into  a  dynamo,  and 
so  returning  a  part  of  the  stored  up  energy  of  the  train  to  the 
conductive  system,  would  result  in  considerable  economy,  there 
can  be  no  doubt,  provided  a  thoroughly  satisfactory  method  of 
practical  application  were  applied,  but  it  is  an  item  that  does  not 
appear  very  conspicuously  in  any  of  the  quantitativB  examipa- 
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tions  which  I  have  yet  seen  of  any  electric  system,  and  while  I 
do  not  wish  to  be  understood  as  lightly  estimating  such  an  obvious 
economy,  before  accepting  it  as  so  important  a  factor  as  its  theo- 
retical consideration  by  some  electricians  would  indicate,  I  should 
like  to  see  a  few  carefully  digested  observations  of  actual  per- 
formance with  motors  of  high  powers. 

In  conclusion,  I  trust  that  if  the  foregoing  facts  are  not  ac- 
cepted as  conclusive  proof  that  the  problem  is  already  solved,  that 
they  may  at  least  furnish  a  sufficient  amount  of  tangible  material 
to  assist  in  the  early  and  complete  accomplishment  of  our  most 
sanguine  hopes. 

DISCUSSION. 

Thb  Chairman  (Vice-President  Francis  R.  Upton): — The 
question  of  quick  transit  in  New  York  City  is  one  of  importance 
to  all  of  us,  and  I  think  that  this  paper  should  bring  forward  a 
number  of  speakers.     We  will  be  pleased  to  hear  remarks. 

Mb.  Chas.  G.  Curtis  :t— I  would  like  to  ask  Mr.  Daft  if  he 
could  estimate  the  average  efficiency  of  the  motor  as  they  have 
been  running  it,  taking  fully  into  account  the  results  obtained. 

Mr.  Daft  : — I  have  not  done  that.  The  object  of  these  tests 
was  to  demonstrate  that  we  could  run  economically  in  the  matter 
of  fuel ;  and  such  estimates  as  we  have  of  its  efficiency  I  am 
liardly  prepared  to  show  to-night.  In  fact  the  experiments  have 
not  been  entirely  concluded ;  and,  as  I  say,  this  work  was  intend- 
ed simply  to  demonstrate  the  concrete  and  absolute  economy  in 
the  matter  of  fuel.  It  is  quite  easy  to  deduce  from  these  dia- 
grams a  low  efficiency  in  some  cases,  especially  on  initial  and 
accelerated  effort ;  but  the  concrete  economy  is  that  which  I 
specially  refer  to,  and  that  is  absolute. 

The  Chairman  : — Are  there  any  other  questions  to  be  asked  or 
remarks  to  be  made  on  this  subject?  The  great  advance  in 
electrical  engineering  and  the  possibility  of  carrying  people,  both 
on  surface  and  elevated  roads  by  means  of  electricity,  is  a  matter 
of  great  importance  at  the  present  time. 

Mr.  Curtis  : — Do  you  pass  the  entire  current  through  the  tread 
of  the  driving  wheel  of  the  locomotive  so  that  the  total  current  is 
occupied  in  increasing  the  traction. 

Mr.  Daft  : — Yes. 

Mr.  Curtis  : — With  regard  to  the  question  which  Mr.  Daft 
brought  out,  of  how  much  the  calculable  total  horse-power  con- 
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sumed  on  the  elevated  railroads  is,  I  may  say  that  I  had  a  little 
experience  which  was  rather  amusing,  because  it  tends  to  show 
how  easy  it  is  to  make  a  very  great  and  a  very  ridiculous  error  in 
figuring  upon  such  a  problem  unless  every  element  is  carefully 
considered.  About  four  years  ago,  in  the  winter  time,  I  was 
very  much  interested  in  the  subject  of  running  the  elevated  rail- 
roads by  electricity,  and  I  had  the  means  of  obtaining  reliable 
data  as  to  their  speed,  coal  consumption,  and  everything  that 
was  known  at  the  time,  and  I  figured  out  in  the  ordinary  way 
what  the  average  horse  power  of  those  locomotives  was ;  for 
the  purpose  of  getting  the  average  coal  consumption.  It  turned 
out  that  the  average  coal  consumption,  as  I  determined  it,  was 
about  twenty  pounds  of  coal  per  horse-power  hour;  and  that 
agreed  with  a  calculation  which  had  been  made  before,  and  with 
the  results  obtained  at  that  time  by  electricians  concerning  the 
substitution  of  electricity  for  steam.  When  I  made  that  calcu- 
lation it  occured  to  me  that  the  element  of  inertia — the  overcom- 
ing of  the  weight  or  inertia  of  the  train-^— was  a  matter  that  ought 
to  be  considered,  but  I  put  it  aside,  assuming  that  it  could  not 
amount  to  a  very  considerable  portion  of  the  whole  power. 
About  a  month  later  something  brought  the  subject  to  my  mind 
again,  and  upon  revising  my  calculations  and  allowing  for  that 
element,  I  found  it  to  be  three  times  as  much  as  the  entire 
tractile  effort,  assuming  the  maximum  speed  on  trains  at  that 
time  as  twenty-three  miles  an  hour ;  taking  the  weight  of  the 
trains  and  figuring  the  energy  that  must  be  put  into  the  train  to 
overcome  this  inertia ;  dividing  that  by  the  total  distance  travel- 
ed in  a  given  time  (which  I  think  was  about  1,100  feet  per 
minute)  it  showed  that  about  58  or  60  horse-power  was  expended 
simply  in  overcoming  the  inertia  of  the  train.  That  was  in  ad- 
dition to  the  tractile  effort.  I  went  over  the  figures  again,  very 
carefully,  and  I  think  they  were  published  in  the  Elect^^a/n. 
and  Electrical  Engineer^  where  the  original  figures,  which  were 
not  more  than  four  or  five  hundred  per  cent,  wrong,  had  ap- 
peared about  two  months  before.  About  four  or  five  months 
later,  Mr.  Campbell  wrote  me  that  he  was  going  to  make  some 
tests  on  an  elevated  railroad  locomotive.  I  did  not  see  the  tests, 
but  he  sent  me  the  results  of  them.  He  found  the  average  horse- 
power throughout  the  run  to  be  between  70  and  80,  which  was 
within  10  or  15  per  cent,  of  what  I  figured  it.  I  do  not  mention 
it  by  way  of  taking  the  slightest  credit  for  any  accuracy  in  tte 
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calculation,  but  simply  to  show  how  easy  it  was  to  figure  the 
whole  thing  out,  and  get  it  right  when  you  gave  to  every  element 
the  importance  that  it  ought  to  have.  The  same  calculations 
showed  that  a  great  deal  of  the  power,  anywhere  from  100  to 
200  horse-power,  was  necessary  to  start  the  train  with  the  aeeel- 
lerationthat  they  lequired  in  order  to  make  schedule  time  on  the 
elevated  railroad.  Mr.  Campbell's  experiments  determined  the 
remarkable  fact  that  those  locomotives  developed  a  horse-power 
with  about  live  and  a  half  pounds  of  coal  per  hour.  These 
figures  were  published  in  the  National  Car  Builder  bX  the  time, 
and  were  so  startling  that  they  were  denied  by  a  great  many 
civil  engineers.  I  think  tlie  question  of  whether  it  is  better  to 
have  a  single  locomotive  to  eacli  train  or  to  make  each  car  its 
own  locomotive  is  a  matter  that  can  be  determined  only  by  ex- 
periment. Of  course,  as  has  been  said,  there  are  very  strong 
theoretical  advantages  in  favor  of  haWng  each  car  its  own  loco- 
motive. It  dispenses  with  the  main  locomotive  and  the  heaviest 
part  of  tlie  train  under  the  present  steam  system  ;  and  it  enables 
you  to  increase  the  length  of  the  train  indefinitely.  I  understood 
you  to  say,  Mr.  Daft,  that  your  machine  was  about  one  half  the 
weight  of  the  present  locomotive. 

Mb.  Dajt  : — It  was  rather  more  than  one  half  of  the  weight. 
The  machine  weighs  ten  tons,  and  I  believe  the  locomotives  on 
that  road  weigh  a  little  over  eighteen  tons.  Some  of  them  are 
a  little  more  than  that,  but  I  think  that  a  fair  average. 

Mb.  Cubtis: — You  only  use  one  rate  of  gearing? 

Mb.  Daft: — Only  one. 

Mb.  Cubtis  : — Have  you  any  friction  clutch  ? 

Mb.  Daft: — Nothing  of  the  kind  on  the  present  motor. 

Mb.  Cubtis: — May  I  ask  if  you  know  about  how  the  counter- 
electromotive  force  compares  with  the  direct  when  you  are 
running  at  full  speed  ? 

Mb.  Daft  : — I  have  not  the  figures  here  to-night,  and  cannot 
give  you  those  particulars  now.  I  have  particularly  confined 
myself  to  this  question  of  coal  economy,  and  I  propose,  if  I  have 
the  opportunity  later,  to  deal  with  the  other  part  of  the  subject. 

Mb.  Joseph  Wetzleb  : — Mr.  Daft  alluded  several  times  to  the 
effect  of  the  absence  of  brakes  on  his  train,  and  also  states  that  in 
the  new  train  which  he  is  equipping  he  proposes  to  introduce 
proper  brakes.  I  would  like  to  inquire  what  form  those  brakes 
will  take,  and  whether  they  are  direct  electric  brakes,  or  those  in 
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which  electricity  is  merely  used  as  an  auxiliary,  the  momentum 
of  the  train  being  utilized  to  create  a  vacuum,  as  has  already 
been  done. 

Mr.  Daft  : — The  electricity  is  an  auxiliary,  but  I  am  not  at 
liberty  to  enter  into  details  at  present. 

Me.  Geo.  B.  Pkbscott,  Jr.  : — It  seems  to  me  that  in  tlie  ques- 
tion of  the  transmission  of  power  to  a  great  distance,  the  loss  of 
energy  in  the  conductors  themselves  is  a  very  important  factor, 
and  is  one  that  Mr.  Daft  has  not  touched  upon.  I  think  it  would 
be  interesting  to  know  the  initial  potential  that  he  used,  and 
what  he  would  consider  the  practical  potential  for  a  line  the 
length  of  the  elevated  road,  and  also  how  far  apart  the  genera- 
ting stations  would  have  to  be. 

Mr.  Daft  : — I  did  not  propose  to  enter  into  that  question  at 
all  to-night,  as  that  was  not  a  part  of  this  paper.  It  was  simply 
as  I  stated  repeatedly,  to  show  this  concrete  economy.  I  pro- 
pose later,  having  an  opportunity,  to  deal  with  the  other  part  of 
the  subject,  and  especially  when  a  motor  of  another  type,  to 
which  I  have  alluded,  is  put  on  the  track.  But  I  may  say  that 
I  have  to  some  extent,  on  this  particular  question,  discarded  the 
practice  I  had  before  adopted  and  used  a  very  much  higher  po- 
tential, and  that  the  potential  which  has  been  used  liere  is  con- 
siderably higher  than  I  have  made  it  a  practice  to  use  anywhere 
else,  and  for  many  reasons — one  of  them  being  that  the  conduc- 
tor system  is  so  far  out  of  the  reach  of  the  public,  on  the  elevated 
structure,  that  it  seems  hardly  possible  that  any  danger  can  re- 
sult from  it.  I  have  used  potentials  which  are  sufficiently  high 
to  obtain  the  necessary  economy,  without  using  a  copper  mine 
on  the  track. 

Mr.  Curtis  : — I  presume  you  have  not  in  mind  the  relation 
between  horse  power  and  the  number  of  miles  to  be  covered, 
that  is,  what  amount  of  horse-power  is  distributed  over  a  mile. 

Mr.  Daft  : — No  ;  I  have  not. 

The  Chairman  : — I  notice  that  Prof.  Anthony  is  here  and  we 
would  like  to  hear  from  him. 

Prof.  W.  A.  Anthony  : — Mr.  President :  I  came  here  to  listen. 
I  have  not  had  much  to  do  with  electrical  traction,  and  have  not 
very  much  to  say  on  the  subject.  I  would  rather  listen  to  what 
others  are  saying ;  but  I  would  like  to  ask  Mr.  Daft  if  I  under- 
stood him  correctly  with  regard  to  the  gradient  which  he  has 
overcome  by  means  of  the  electro  motor.     I  understood  him  to 
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saj  that  he  has  had  an  electro  motor  run  up  a  gradient  of  45 
degrees.     Is  that  so  ? 

Mr.  Daft  : — Yes. 

The  Chaibman  : — We  would  like  to  hear  from  Mr.  Mailloux. 

Mk.  C.  O.  Mailloux  : — I  would  like  to  plead  very  nearly  the 
same  excuse  that  Prof.  Anthony  has,  namely,  that  I  came  here 
principally  to  listen.  My  experience  with  electrical  traction  has 
not  been  in  that  same  line,  and  I  have  maintained  with  regard  to 
it  what  might  be  called  an  expectant  attitude ;  for  the  reason 
that  while  I  did  not  for  one  moment  regard  the  project  of  sub- 
stituting electricity  for  steam  upon  the  elevated  roads,  or  upon  a 
scale  of  equal  magnitude  as  an  unfeasible  or  impracticable  thing, 
yet  I  doubted  if  the  art  had  advanced  sufficiently  to  enable  us  to 
carry  out  the  engineering  details  of  it  with  sufficient  accuracy  in 
order  to  obtain  industrial  results  that  would  lead  to  a  successful 
competition  with  steam.  I  am  very  glad  to  see  the  progress  in  that 
direction  which  is  now  made  public  in  the  able  paper  read  by 
Mr.  Daft,  this  evening.  I  am  surprised  to  see  that  more  advance 
in  that  direction  has  been  made  than  I  had  anticipated.  At  the 
same  time,  I  am  prepared  to  say,  that  I  still  remain  somewhat 
conservative :  that  while  I  do  not  for  one  moment  doubt  that 
success  will  ultimately  be  ours,  in  that  field  as  well  as  in  others,  yet 
we  have  a  great  deal  of  ground  to  cover  before  we  can  relegate 
the  locomotive  to  the  shelves  of  old  and  ancient  models.  I  was 
reading  in  a  Spanish  paper  recently,  an  article  wherein  this  an- 
ticipated substitution  of  electricity  for  steam  is  spoken  of  in  very 
rhapsodical  and  enthusiastic  terms,  and  wherein  it  is  said  that  we 
should  soon  see  the  steam  engine  entirely  done  away  with,  and 
shown  to  our  children  as  a  curiosity.  I  do  not  think  that  is  likely 
to  be  the  case.  I  think  that  it  will  be  some  time  before  we  have 
overcome  what  might  be  called  the  inertia  of  the  railroad  people 
— ^before  we  have  overcome  their  inborn  prejudices.  It  is  only  a 
few  days  ago  that  I  had  a  conversation  with  a  person  interested 
in  the  elevated  railroad  management  in  some  mechanical  or  tech- 
nical capacity,  and  I  had  occasion  to  notice  what  a  strong  pre- 
judice there  is  against  anything  but  steam  for  the  purposes  of 
traction  in  that  service.  That  prejudice  is  the  result  not  only  of 
a  ti-aining  of  perhaps  thirty  or  forty  years  upon  the  part  of  the 
individual  in  the  art  of  applying  steam  to  that  particular  purpose, 
either  upon  elevated  or  surface  roads,  but  also  of  the  observation 
of  electric  railway  experiments  and  trials  which  have  been  made 

Digitized  by  VjOOQIC 


DISCUSSION.  888 

in  varioTifl  parts  of  the  country,  and  1  might  say  of  the  world ; 
and  which  not  being  unqualified  successes  have  been  very  eagerly 
construed  by  railway  people  as  being  proof  of  unqualified  failure. 
In  order  to  overcome  this  long  standing  prejudice,  therefore,  we 
shall  have  to  be  sure,  and  make  assurance  doubly  sure,  that  every- 
thing is  all  right  before  we  go  ahead,  in  order  to  be  certain  that 
we  can  command  the  way,  and  meet  successfully  that  which  now 
holds  possession  of  the  field — steam — and  guide  him  out  of  it.  I 
would  like  to  ask  Mr.  Daft  in  regard  to  the  difficulties  (if  I  may 
so  term  them)  of  conveying  current  to  the  motors  where  the  net- 
work of  tracks  is  at  all  complicated  by  switches.  There  are  cer- 
tain parts  of  the  system  where  there  is  a  considerable  number  of 
switches  and  sidings,  where  I  can  conceive  that  there  would  nec- 
cessarily  be  soras  difficulty  in  the  conducting  of  current  to  the 
motors. 

Mr.  Dafi  : — We  have  not  experienced  any  special  difficulties 
in  that  direction,  although,  of  course,  we  have  not  had  entire 
possession  of  the  track.  It  has  been  necessary  to  leave  the  track 
in  such  condition  that  the  steam  motors  could  operate.  But  we 
have,  except  in  one  or  two  instances,  much  less  difficulty  by  using 
a  contact  brush  on  both  sides  of  the  motor,  and  where  the  con- 
tinuity of  the  conductor  was  broken  on  one  side  we  could  almost 
invariably  make  it  good  on  the  other.  That  is  true  of  almost 
every  switch  that  we  have  had  to  encounter  on  the  system  as  yet. 
Even  at  50th  St.,  where  the  switching  is  more  than  usually  com- 
plicated, we  have  so  little  difficulty  that  only  in  one  or  two 
instances  have  we  had  to  bridge  a  distance  of  a  few  feet  (I  think 
in  one  case  five  or  six  feet)  by  momentum. 

Prof.  Anthony  : — It  has  always  been  my  belief  that  we  should 
at  some  time  reach  the  solution  of  this  problem  of  electrical  trac- 
tion on  the  elevated  railroad.  Ever  since  the  elevated  railroad 
started,  or  ever  since  we  began  to  use  electrical  motors  for  trac- 
tion at  all,  it  has  been  my  belief  that  we  should  at  some  time 
reach  the  consummation  of  that  result.  The  difficulties  are  not 
electrical.  It  is  easy  enough  to  build  an  electrical  motor  which 
shall  have  the  power  necessary  to  pull  the  train.  The  difficulties 
it  seems  to  me  are  mechanical  and  economical.  When  we  take 
the  problem  into  consideration,  the  'question  is,  not,  is  it  possible 
to  do  it,  but,  is  it  possible  to  construct  an  apparatus  cheaply 
enough,  and  to  make  it  operate  cheaply  enough  to  compete  with 
steam  locomotives.   It  seems  to  me  that  Mr.  Daft  is  doing  a  jgreat 
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(leal  to  solve  that  part  of  tlie  problem.  (Applause.)  There  are 
a  great  many  problems  that  come  in  here  to  be  studied  in  con- 
nection with  it.  Mr.  Daft  lias  referred  to  one  diflSiculty— that  of 
braking  the  trains  in  these  early  experiments.  Of  course,  some 
sort  of  an  electric  brake  must  be  devised.  It  is  not  going  to  be 
easy  to  put  an  air  brake  on  an  electrical  train,  although  we  might, 
perhaps,  use  an  electric  motor  for  compressing  the  air  to  use  with 
ordinary  brakes,  but  it  will  probably  be  found  better  to  use  some 
electrical  system ;  and  such  a  system  must  be  devised.  We  must 
be  able  to  handle  the  train  exactly  as  we  do  the  steam  train.  We 
must  be  able  to  make  our  stops  and  our  starts  as  quickly,  in  order 
that  there  be  no  more  lost  time  than  at  present,  so  that  the  diffi- 
culties, as  it  seems  to  me,  are  not  in  simply  constructing  the  elec- 
trie  motor,  but  in  overcoming  the  various  mechanical  difficulties 
which  are  to  be  met  with  in  the  problem,  and  in  fact  in  answer- 
ing all  the  requirements  of  the  service.  As  to  the  economical 
question  I  may,  perhaps,  say  a  word  or  two.  I  have  had  nothing 
to  do  with  the  study  of  electrical  traction,  and  have  never  given 
it  very  much  thought  except  in  looking  over  the  results  which 
have  been  reached  by  others.  I  have  on  one  or  two  occasions 
computed  the  cost  of  transmitting  power  over  considerable  dis> 
tances  with  stationary  motors,  and  I  have  been  somewhat  sur- 
prised at  the  results.  Assuming  2000  volts  as  the  potential,  I 
have  found  that,  when  we  come  to  get  up  into  hundreds  of  hon^  e 
power,  the  cost  of  the  plant  becomes  something  rather  enormous ; 
and  when  the  question  has  arisen  of  transmitting  a  water-power 
over  a  distance  of  five  or  ten  miles  it  does  come  out  every  time 
that  a  man  could  locate  a  steam  engine  at  the  point  where  he 
wants  the  power,  and  if  he  could  get  coal  at  $4.00  i)er  ton,  run 
the  whole  thing  at  a  less  cost,  taking  into  account  interest  and 
depreciation  of  plant,  than  he  could  by  putting  in  an  electrie 
motor,  dynamo  and  water  motor,  for  transmitting  the  power, 

Mr.  Mailloux  : — I  wish  to  endorse  Prof.  Anthony's  statement. 
It  was  of  special  interest  to  me,  because  it  was  a  statement  of  my 
own  experience.  In  making  my  observations  with  regard  to  the 
progress  in  the  art  of  engineering,  I  should  perhaps  have  said 
that  I  put  the  emphasis  on  the  word  engineeringj  and  particularly 
on  the  mechanical  part  of  it,  and  that  would  bring  my  observa- 
tion at  once  in  accord  with  Prof.  Anthony's ;  because  it  is  par- 
ticularly on  that  side  of  it,  and  with  regard  to  the  production  of 
the  manufacturing  process  by  which  the  cost  of  turning  out  ma- 

Digitized  by  VjOOQIC 


DiaOUSSION.      s  385 

cliinery  can  be  reduced,  that  I  have  particular  reference  to. 
There  is  no  doubt  that  the  cost  which  the  contractor,  engineer  or 
company  must  provide  for  in  order  to  make  a  profit  on  each 
electric  equipment,  is  considerably  higher  than  the  cost  of  an 
equipment  by  steam  or  other  well-known  methods  under  the  same 
circumstances.  That  is  what  I  meant  by  progress  in  the  art.  I 
mean  the  general  progress  which  is  the  result  of  evolution,  and 
which  has  enabled  the  steam  engine  manufacturer  and  the  man- 
ufacturer of  lathes  and  other  machinery  to  reduce  the  cost  three 
or  four  times  in  a  period  of  twenty-five  or  thirty  years,  and  to 
simplify  and  perfect  the  construction,  and  to  make  a  smaller 
weight  of  metal  and  a  fewer  number  of  parts  perform  the  same 
functions  equally  well,  and  in  most  instances  far  better.  Those 
are  the  general  factors  of  progress  in  the  art  which  we  must  look 
for  in  order  to  accomplish  the  results.  Now,  in  regard  to  the 
question  of  momentum,  I  think  that  the  point  made  by  Mr.  Daft 
is  a  very  important  one  indeed,  as  is  also  that  made  by  Mr. 
Curtis.  I  can  scarcely  conceive  of  any  more  important  factor  to 
deal  with  in  the  problem  of  engineering  and  in  the  system  of 
electrical  traction,  whether  on  the  surface  or  the  elevated  railroads, 
than  that  of  momentum.  Because  it  has  such  enormous  limits, 
bearing  on  the  cost  of  power  under  different  conditions,  the  size 
of  car,  the  number  of  miles  it  can  be  run,  and  a  great  many 
similar  results  which  are  so  largely  dependent  upon  it.  But  there 
is  probably  no  more  influential  condition  than  the  distances  be- 
tween the  stops.  As  Mr.  Daft  has  shown,  on  the  elevated  roads, 
the  grade  happens  to  be  placed  in  some  instances  in  such  a  way 
that  the  momentum  cannot  be  utilized;  but  on  surface  roads 
I  have  seen  instances  where  the  momentum  of  trains  could  be 
utilized ;  and  only  those  who  have  tried  it  can  get  an  adequate 
idea  of  the  amount  of  energy  which  is  stored  in  the  form  of  mo- 
mentum in  a  moving  body.  Where  the  gradient  is  not  too 
severe,  the  car  is  sometimes  enabled  to  run  for  a  long  distance,  and 
even  to  come  to  a  comparative  stop,  and  then  upon  being  relieved 
from  the  brake  pressure,  go  on  with  a  perceptible  rate  of  speed, 
and  in  that  way  a  great  deal  of  economy  of  energy  can  be  exer- 
cised. This  is  particularly  true  with  regard  to  suburban  routes 
where  stops  are  not  so  frequent.  But  in  cities  where  the  stations 
are  located  very  closely,  all  this  energy  which  otherwise  might 
be  utilized  in  propelling  the  car  is  necessarily  lost ;  and  not  only 
that,  but  we  must  provide  a  means  of  starting  quickly.     That  fe 
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the  secret  of  braking  a  car.  We  extract  from  it  the  energy 
which  exists  there  in  the  fonn  of  momentum.  Of  course,  if  we 
could  find  means  of  utilizing  it  at  the  same  time,  it  would  be  all 
the  better ;  but  I  doubt  whether  it  is  proper  for  us  to  consider 
that  problem  at  present.     It  will  probably  come  up  later. 

The  Chairman  : — We  shall  be  glad  to  hear  from  Mr.  Martin. 

Mr.  Martin  : — I  tliink  that  we  owe  a  great  deal  to  Mr.  Daft 
for  the  extreme  care,  and  the  large  amount  of  work  which  he  has 
brought  to  bear  upon  the  paper  which  we  have  heard  this  even- 
ing. My  friend,  Mr.  Curtis,  had  an  idea  that  there  were  certain 
things  that  Mr.  Daft  might  have  told  us  which  he  did  not  tell  us. 
In  listening  to  such  a  paper  as  this,  we  should  bear  in  mind  that 
such  tests  as  these  are  very  often  made  at  great  expense,  and  that 
the  results  obtained  might  well  be  regarded  as  being  the  exclusive 
property  of  those  who  make  them  ;  and  we  should  appreciate  the 
public  spirit,  and  the  desire  to  advance  the  profession  of  those 
who  lay  before  us  such  elaborate,  careful  and  exhaustive  results 
and  figures  as  we  have  had  this  evening.  (Applause.)  With  re- 
gard to  some  of  Mr.  Daft's  statements  I  think  he  will  allow  me 
to  say  that  four  or  five  years  ago  I  had  an  opportunity  of  seeing 
him  make  some  of  the  tests  to  which  he  referred  ;  and  then  my 
own  doubts  as  to  the  results  which  he  obtained  were  as  great  as 
those  of  anybody,  until  I  actually  saw  the  car  ascend  the  grade 
that  he  speaks  of,  with,  I  think,  himself,  on  board.  At  that  time 
the  opportunity  of  operating  on  the  New  York  elevated  roads 
seemed  very  remote ;  in  fact  it  seemed  a  question  which  it  was 
idle  to  discuss — just  as  now  it  seems  idle  to  discuss  the  probabil- 
ity of  running  the  New  York  Central  road  by  electricity.  But  J 
think  that  we  have  done  something  more  than  "mark  time"  in 
the  four  or  five  years  which  have  elapsed  since  I  saw  Mr.  Daft 
make  those  experiments ;  for  we  are  now  operating  a  great  many 
miles  of  track  in  this  country  with  electric  motors.  It  is  true 
that  we  are  not  operating  on  the  elevated  system,  but  I  believe 
that  the  day  is  not  very  far  distant  when  the  elevated  roads  will 
"certajuly  be  placed  at  our  disposal,  to  do  our  worst  with,  and  I 
have  no  doubt  that  Mr.  Daft  will  bear  his  share  in  the  honor  and 
glory  of  that  time.  I  think  to  New  Yorkers  it  will  be  a  very 
pleasant  and  agreeable  time  when  we  shall  have  dispensed  not 
only  with  steam,  but  with  the  horses  which  now  afflict  us  in  this 
city.  (Applause.)  It  may  be  a  little  bit  poetical,  but  as  I  sat 
And  listened  to  the  horses  out  there  in  the  street  it  seemed  .to  me 
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they  were  doing  their  best  to  drown  Mr.  Daf  t's  voice  (Laughter)^ 
and  to  prevent  us  realizing  the  full  scope  and  importance  of  the 
remarkable  tribute  which  he  was  laying  before  us.  I  had  tlie 
misfortune  two  or  three  years  ago  to  hire  a  flat  near  the  track  of 
the  elevated  road.  It  was  up  town,  in  the  neighborhood  of  Cen- 
tral Park,  and  it  seemed  to  me  very  desirable.  I  hired  it  In  win- 
ter time  when  the  windows  were  closed,  but  when  the  summer 
came  I  realized  that  the  situation  was  not  as  desirable  as  it 
seemed  in  winter ;  and  I  had  opportunities  of  studying  very  close- 
ly and  very  exhaustively  the  effect  of  steam  upon  the  elevated 
roads,  and  I  satisfied  myself,  as  any  one  who  travels  on  the 
road  must  be  satisfied,  that  in  electricity  alone  are  we  to  find 
the  solution  of  our  difficulties  and  troubles ;  and  in  electricity 
alone  shall  we  find  such  a  system  a£  is  worthy  of  the  city  of  New 
York. 

Mb.  Curtis  : — Before  you  make  your  motion,  I  beg  to  say  a 
few  words.  I  did  not  mean  to  imply  that  there  was  anything 
which  Mr.  Daft  might  have  added  to  his  paper,  germane  to  the 
discussion,  which  he  left  out.  I  simply  thought  that,  as  a  very 
interesting  feature  connected  with  his  experiments,  the  counter- 
electromotive  force  might  show  something  as  to  general  effi- 
ciency. 

Mr.  Daft  : — I  am  quite  sure  that  Mr.  Curtis  would  not  say 
anything  that  was  discourteous,  and  I  did  not  so  interpret  any- 
thing that  he  said. 

Mr.  Martin  : — I  simply  wished  to  express  our  appreciation  of 
what  we  have  had,  in  as  concrete  form  as  possible ;  and  therefore 
I  move  that  our  thanks  be  presented  to  Mr.  Daft  for  his  inter- 
esting paper. 

The  Chairman  : — It  gives  me  great  pleasure  to  put  the  mo- 
tion. I  think  we  owe  our  thanks  to  Mr.  Daft  and  to  others,  who 
offer  us  the  results  of  work  done,  as  in  this  case.  This  rep- 
resents, as  you  see,  a  work  extending  over  months,  and  the  ex- 
penditure of  much  money,  and  the  results  are  offered  to  us  in  a 
form  which  will  be  useful;  giving  us  many  important  facts,  and 
carrying  us  to  a  higher  plane  of  knowledge. 

The  motion  of  thanks  was  unanimously  adopted;  and  the 
meeting  then  adjourned. 
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ALTERNATING  CURRENT  MOTORS:  THE  EVOLU- 
TION  OF  A  NEW  TYPE. 


BY  LIEUT.  F.  JABVI8  PATTEN. 


On  giving  our  secretary  the  title  of  this  paper  it  was  my 
purpose  to  treat  the  subject  in  a  broader  light,  and  to  show  the 
progressive  steps  in  a  series  of  experiments  which  led  eventually 
to  the  type  of  machine  that  I  shall  bring  to  your  notice  this 
evening.  The  recent  and  urgent  claims  of  other  work  have 
rendered  such  a  treatment  impossible  at  present,  and  I  shall 
limit  the  paper  to  a  description  of  a  new  alternating  current 
motor,  one  form  of  which  is  shown  in  the  accompanying  draw- 
ings. 

The  place  that  the  alternating  current  electric  motor  is  destined 
to  fill  in  the  industrial  arts  is  familiar  to  you  all,  and  the  various 
ways  known  to  the  scientific  world  by  which  such  machines  may 
be  rendered  operative  have  been  ably  considered  and  elaborately 
discussed  in  the  Institute  papers  of  the  past  two  years  by  Prof. 
Thomson,  Dr.  Duncan  and  Mr.  Tesla.  We  are  thus  all  more  or 
less  acquainted  with  the  prominent  difficulties  of  the  problem. 

My  experience,  in  common  with  that  of  my  predecessors, 
teaches  that  the  alternating  current  motor  has  a  strong  and  per- 
sistent disposition  to  stand  still,  and  when  persuaded  to  motion 
is  apt  to  be  a  sort  of  ^'go  as  you  please"  machine  and  asserts  its 
inherent  right  to  turn  in  either  direction  indifferently,  direction 
of  rotation  in  some  cases  being  purely  a  matter  of  chance.  I 
shall  not  have  much  to  say  about  efficiency,  as  my  experiments 
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with  large  machines  are  not  sufficiently  advanced  to  furnish  any 
reliable  data,  but  I  will  endeavor  to  give  a  general  solution  of  the 
problem  designed  to  meet  the  following  conditions  of  practice : 

Ist.  A  machine  that  will  start  itself  independently  of  the 
speed  of  the  generator  or  number  of  alternations  of  current  per 
unit  of  time. 

2d.  A  machine  that  has  but  one  direction  of  rotation  and 
cannot  reverse  under  any  conditions  of  current  alternation. 

3d.  A  machine  that  is  not  necessarily  synchronous  with  the 
generator,  revolution  for  revolution. 


Fig.  1. 

4th.  A  machine  in  which  reversals  of  current  direction  do  not 
produce  corresponding  reversals  of  magnetism  in  any  iron  part, 
when  the  machine  is  in  motion  at  its  normal  speed  and  maximum 
efficiency. 

5th.  A  machine  of  simple  form  having  an  ordinary  continuous 
wound  armature  revolving  in  a  single  or  two  pole  field. 

Beferring  now  to  the  figures  which  are  simply  diagrams  of  the 
circuits  and  operative  parts  we  have  in  Fig.  1  an  ordinary  closed 
circuit  armature  shown  as  a  Gramme  ring  merely  for  convenience 
of  illustration,  the  points  of  the  winding  intermediate  between 
the  eight  coils  being  connected  in  the  usual  way  to  the  eight 
segments  or  bars  of  an  ordinary  Gramme  collector,  and  it  may 
be  well  in  passing  to  note  here  the  functions  of  this  collector. 
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It  is  not  a  commutator  in  the  strict  sense  of  that  term  as  it  does 
not  rectify  or  redirect  reverse  or  opposed  currents.  If  the 
brushes  ¥  and  V  were  held  upon  the  outside  wire  of  the  ring, 
the  same  results  would  follow,  and  the  Gramme  collector  prop- 
erly so  called  simply  transfers  the  brush  contact  from  point  to 
point  of  the  ring  winding.  If  a  source  of  direct  current  be 
interposed  between  the  terminals  a*  and  a',  current  will  flow  con 
tinuously  from  brush  J*  to  i'  downward  through  the  right  and 
left  hand  halves  of  the  ring  in  the  direction  of  the  arrows  ¥  and 
J^^  making  say  a  south  pole  in  the  ring  at  the  upper  point  s^  and 
a  north  pole  at  the  lower  point  n.  With  a  continuous  current 
these  poles  would  be  continuously  maintained  and  placed  in 
the  magnetic  field  indicated  by  n  and  s  the  armature  would 
revolve  in  the  direction  indicated  by  the  arrows  e,  e.  If 
now  a  source  of  alternating  current  be  inserted  between  the 
terminals  a*  and  a^  the  polarities  of  the  ring  would  be  reversed 
at  each  successive  alternation  of  current,  and  if  a  direct  impulse 
indicated  by  the  single  arrows  in  the  external  circuit  produced 
the  poles  n  and  8  in  the  ring,  the  reverse  impulse  indicated  by 
the  double  arrows  would  produce  the  opposite  polarities  n^  and  *^ 
at  the  same  points,  and  the  tendency  to  motion  would  be  reversed 
if  the  fields  remained  the  same,  but  it  will  be  noted  the  motion 
would  be  in  the  same  direction  still,  if  the  fields  were  also  re- 
versed by  the  same  reversal  of  current.  If,  however,  the  fields 
were  maintained  constant  as  indicated  by  the  large  letters  n  and  s 
and  some  device  could  be  contrived  by  which  at  each  reversal  of 
the  alternating  current,  the  brushes  ^  and  J*  could  be^  made  to 
change  position,  either  mechanically  or  otherwise,  then  with  an 
alternating  current  a  constant  polarity  s  and  n  would  be  main- 
tained at  the  upper  and  lower  points  of  the  ring — for  then  a 
direct  impulse  starting  from  a*  to  the  right  would  enter  the  ring 
through  the  brush  ^  fiowing  down  both  sides  in  the  direction  of 
the  arrows  1^  and  A*  out  through  brush  J'  and  back  to  the  source 
at  A*.  The  reverse  impulse  indicated  by  the  double  arrows  would 
start  from  a*  to  the  left,  going  to  brush  i' ;  and  if  we  now  suppose 
this  to  have  changed  places  with  the  brush  ^  the  reverse  current 
would  then  enter  the  ring  at  «  and  flowing  down  both  sides  in 
the  direction  of  the  arrows  J^  and  A?  would  leave  tlirough  n  and 
the  brush  y,  and  so  back  to  the  source  oi^  maintaining  the  polarity 
of  the  ring  the  same  as  before.  If  the  brushes  could  be  thus 
changed  at  each  alternation,  the  polarity  of  the  ring  would  be 

Digitized  by  VjOOQ IC 


THE  EVOLUTION  OF  A  NEW  TYPE, 


891 


maintained  constant  with  an  alternating  current.  While,  how- 
ever, it  ie  qnite  impracticable  to  thus  cause  the  brushes  to  change 
position  mechanically  at  each  reversal  of  current,  it  is  perfectly 
feasible  to  produce  the  same  effect  without  the  mechanical  change. 
The  means  of  accomplishing  this  result  are  indicated  in  Fig.  2, 
which  is  identical  with  Fig.  1  with  a  single  exception.  There 
are  eight  coils  as  before,  and  eight  bars  in  the  collector;  the  odd 
number  bars  1,  8,  5  and  7  are  connected  to  the  same  points  of 
the  ring  as  before  c^f^  h  and^',  but  the  even  numbered  bars  2,  4, 
6,  8  are  connected  respectively  to  points  of  the  ring  diametrically 
opposite  then),  bar  2  to  the  point  tZ,  bar  4  to  the  point  y,  and  so 
on  each  even  numbered  bar  to  a  correspondingly  opposite  point 


Fig.  2. 


of  the  winding.  If  now  a  source  of  alternating  current  be  inter- 
posed between  the  terminals  a*  and  a'  and  we  make  the  single 
supposition  that  the  ring  shall  turn  through  an  arc  of  the  circum- 
ference equal  to  that  covered  by  one  bar  of  the  collector  during 
each  alternation  of  current,  we  shall  still  maintain  a  constant 
polarity  at  the  upper  and  lower  points  of  the  ring  without  caus- 
ing the  brushes  to  change  position  mechanically. 

Thns  a  positive  impulse  starting  from  a*  to  the  left  and  in- 
dicated by  single  arrows  enters  the  ring  at  ^  flows  down  both 
sides  to  n  producing  the  ring  polarities  8  and  n,  out  brush  J*^  and 
back  to  source  at  a'.    The  reverse  impulse  being  in  the  opposite 
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direction  will  start  from  a^  to  the  right,  go  to  brush  J^,  which  we 
will  now  suppose  bearing  on  segment  4  of  the  collector,  whence 
it  will  go  by  the  inverse  connection  to  the  opposite  point  rf  of 
the  ring,  then  down  both  sides  in  the  same  direction  as  before  to 
the  point  /i*  thence  back  to  the  opposite  segment  8  out  brush  h 
now  bearing  on  this  segment,  and  back  to  source  at  a^ 

The  reverse  currents  therefore  under  the  assumed  conditions 
are  caused  to  maintain  a  constant  polarity  in  the  ring  so  that  in 
a  constant  field  its  tendency  to  motion  would  always  be  in  the 
same  direction  with  an  alternating  current  in  the  armature.  It 
will  he  further  noted  that  the  alternating  current  is  not  redirected 
or  commuted  in  the  strict  sense  of  the  word,  and  we  may  enun- 


R 

Fig.  8. 
ciate  the  fundamental  principle  which  underlies  the  construc- 
tion of  this  type  of  machine  as  follows : 

The  poles  of  any  closed  circuit  may  be  maintained  constant 
with  an  alternating  current  by  causing  opposite  impulses  to 
traverse  the  circuit  in  opposite  directions.  The  direct  and 
inverse  connections  shown  in  Fig.  2  have  precisely  this  effect, 
when,  as  supposed,  a  single  bar  of  the  collector  passes  under  the 
brushes  at  each  reversal  of  current.  The  connections  cc^d  d^ 
ff^  etc.  in  Fig.  2  may  have  any  form,  and  other  bars  may  be 
interposed  between  their  extremities  without  affecting  in  any 
way  their  functions  as  connectors.     This  step  is  shown  in  Fig.  3 
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where  another  collector  bar  Ic,  2rf,  3/*,  etc.,  is  inserted  in  each  of 
the  connections  c  c^d  d^  etc.,  of  Fig.  3,  thus  making  another 
collector  shown  outside  the  first  to  avoid  confusion  of  the  draw- 
ing, while  for  the  same  reason  the  source  of  alternating  current 
A^  A'*  is  placed  inside  the  inner  ring.  The  polarities  s  and  n  of 
the  ring  being  maintained  constant,  as  previously  described,  with 
an  alternating  current,  and  as  current  is  constant  in  direction  from 
8  downward  through  the  right  and  left  hand  halves  of  the  ring 
to  n,  so  must  necessarily  any  current  be  constant  in  direction 
which  is  led  from  brushes  through  any  other  circuit  connected 
to  the  segments  \c  and  5A  of  the  outer  collector;  a  field  circuit 
of  constant  direction  may  therefore  be  shunted  from  this  outside 
collector.  This  is  shown  in  Fig.  4,  in  which  twelve  coils  are 
shown  in  the  ring  and  twelve  bars  in  each  collector  connected 


Fig.  4. 


alternately  direct  and  inverse  as  before.  Tracing  now  two  op- 
posite impulses  of  current  we  have  the  first  indicated  by  the 
single  arrows  from  source  a^  to  segment  1  of  the  inner  collector, 
thence  to  segment  1  of  outer  collector,  where  the  current  divides, 
part  going  down  the  right  and  left  hand  halves  of  the  ring  to 
n^  and  part  out  brush  V  through  the  field  circuit,  making  the 
poles  N  and  s  back  to  brush  V  segment  7  of  outer  and  segment  7  of 
inner  collector  to  the  terminal  a'  of  source.  If  the  armature 
be  supposed  now  to  turn  through  the  space  covered  by  one  col- 
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lector  bar  the  reverse  impulse  can  be  traced  as  follows :  Starting 
at  A*  in  the  opposite  direction  to  brush  h^  now  bearing  on  segment 
8  of  the  inner  collector  thence  through  the  reverse  connection  to 
segment  2  of  the  outer  collector,  now  under  brush  J'  where  the 
current  divides,  going  part  as  before  down  the  right  and  left 
halves  of  the  ring,  making  a  south  pole  at  8^  and  a  north  pole  at 
n'  as  before,  and  the  other  part  out  of  brush  V  through  the  field 
circuit  in  the  same  direction  as  before,  back  to  brush  J*  now  on 
segment  8  of  the  outer  ring,  thence  through  the  reverse  connec- 
tion back  to  segment  2  of  the  inner  ring,  now  in  bearing  with 
brush  y  and  so  retuniing  to  tlie  source  at  a}.  Thus  the  two  im- 
pulses of  opposite  direction  have  been  made  to  transverse  both 
armature  and  field  circuits  in  the  same  direction.  We  have 
therefore  with  an  alternating  current  constant  armature  polarity 
and  constant  field  polarity,  and  therefore  a  constant  tendency  to 
motion  in  one  direction.  Not  only  this  but  the  further  condition 
is  fulfilled  that  there  are  no  reversals  of  magnetism  in  any  iron 
part  so  long  as  one  collector  bar  parses  under  the  brushes  at  each 
alternation  of  current. 

It  remains  to  show  how  this  is  brought  about.  Referring  again 
to  Fig.  4,  let  it  be  supposed  that  the  first  impulse  of  current  did  not 
cause  the  armature  to  turn  through  the  arc  of  the  circumference 
subtended  by  one  segment,  but  all  the  brushes  still  bore  on  the 
same  segments  as  shown  in  the  figure  and  the  reversals  of  current 
continued.  By  tracing  the  circuits  it  will  be  seen,  that  each  re- 
versal of  current  reverses  the  polarity  of  both  field  and  armature 
and  with  either  direction  of  current  or  rapid  reversals,  there  will 
be  a  constant  tendency  to  motion  always  exerted  in  the  same 
direction.  The  machine  under  these  conditions  becomes  there- 
fore simply  a  direct  current  machine  on  an  alternating  current 
circuit  with  a  constant  tendency  to  start  in  one  direction.  As- 
suming the  machine  therefore  self-starting,  it  will  continually 
gain  in  speed  until  the  condition  is  fulfilled  of  one  segment 
passing  the  brushes  at  each  alternation,  for  it  then  becomes  in 
the  broad  sense  a  synchronous  alternating  motor,  the  current 
then  produces  no  reversals  of  magnetism,  and  there  is  a  true 
alternating  current  in  the  armature  circuit,  producing,  however, 
no  reversal  of  armature  polarity;  and  a  current  of  constant  direc- 
tion in  the  field.  Under  these  conditions  the  motor  is  self -regu- 
lating, moving  at  a  constant  speed  and  with  a  maximum  rotary 
effort. 
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It  is  not,  however,  essential  that  one  bar  should  pass  the  brash 
at  each  alternation,  as  any  number  may  be  caused  to  do  this,  de- 
pending upon  the  speed  required  and  the  number  of  coils  upon 
tlie  armature.  This  is  illustrated  in  Fig.  5,  where  the  complete 
machine  is  shown.  There  are  twenty-four  coils  in  the  armature, 
twenty-four  bars  in  the  outside  collector  and  thirty-two  bars  in 


the  inside  one,  this  latter  being  composed  of  twenty-four  connect 
ing  and  eight  insulating  bars.  The  connecting  bars  of  the  inner 
ring  are  numbered  to  correspond  with  those  of  the  outer  ring 
around  to  the  right  from  one  to  twenty-four: — ^the  insulating 
bars  drawn  shaded,  separate  the  others  into  groups  of  three.  In 
this  machine  three  segments,  1,  2,  3,  in  the  outer  ring,  are  con- 
nected direct  to  the  corresponding  segments,  1,  2,  3,  of  the  innere 
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ring,  likewise  the  opposite  three,  13,  14,  15,  of  one  ring,  are  con- 
nected direct  to  13,  14,  15  of  the  other.  The  next  group  of  three 
is  connected  inversely,  4,  5,  6  of  the  outer  ring,  to  the  diametric- 
ally opposite  bars,  16,  17  and  18  of  the  inner  ring,  and  the  cor- 
responding opposite  group,  16, 17, 18,  of  the  outer  ring,  is  likewise 
connected  inversely  to  the  diametrically  opposite  group,  4,  5  and 
—^ — 


'^ 


A 

f\ 

f\ 

^ 

<M 

V 

\J 

i"d 

r 

Fig.  6. 

6  of  the  inner  ring.  The  remaining  segments  are  connected  in 
the  same  manner,  but  the  connections  are  omitted  to  avoid  con- 
fusion of  the  drawing.  The  operation  of  the  machine  is  evidently 
the  same  as  that  shown  in  Fig.  4,  except  that  the  required  con- 
ditions are  fulfilled  in  this  instance  when  three  bars  of  the 
collector  pass  under  the  ring  at  each  alternation  of  current,  and 
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as  there  are  twenty-four  segments  arranged  in  groups  of  three, 
the  machine  at  its  normal  speed  would  make  one  revolution  for 
every  eight  alternations  of  current,  and  connected  in  a  circuit 
supplied  with  16,000  reversals  per  minute,  its  normal  speed  would 
te  iA|i)iL  =«  2000  per  minute,  and  with  48  segments  arranged  in 
groups  of  three  its  speed  would  be  1000  per  minute.  The  blank 
segments  separating  the  groups  of  the  inner  ring  are  connected  to 
the  extremities  of  a  rheostat  Rh,  Rh,  which  is  inclosed  inside 
the  commutator  and  is  designed  to  oflfer  a  path  for  the  alternat- 
ing current  such  as  there  may  be  and  prevent  its  absolute  rupture 
at  the  period  of  change  from  one  group  of  segments  to  the  next ; 
they  also  serve  an  important  purpose  in  preventing  a  dangerous 
short  circuit  which  would  be  occasioned  by  the  inner  brush 
bridging  two  groups  of  segments  oppositely  connected. 

It  follows  as  a  matter  of  course  that  as  the  machine  starts  as  a 
direct  current  motor  connected  in  an  alternating  circuit,  rapid 
reversals  of  magnetism  will  at  first  be  produced  in  all  the  iron 
cores  and  these  should  be  made  of  laminated  iron  to  prevent 
undue  loss  by  heating  at  the  period  of  starting.  The  machine 
in  fact  starts  as  a  direct  current  motor  and  automatically  changes 
at  a  certain  speed  to  a  sort  of  synchronously  alternating  motor- 
It  reaches  its  normal  speed  at  this  point,  is  then  self -regulating, 
and  its  capacity  of  doing  work  is  a  maximum. 

Fig.  6  shows  a  plan  of  the  machine  as  constructed ;  it  consists 
simply  of  an  ordinary  closed  circuit  armature  in  a  single  field ; 
c  e  is  the  ordinary  collector  really  a  part  of  the  armature  circuit 
from  which  the  brushes  J'  J*  take  a  current  of  constant  direction 
to  the  field  shunt  ;a  c^  a  ci8  the  reversely  connected  commutator 
and  the  brushes  b^  V  bearing  upon  this  commutator  are  connected 
to  the  terminals  of  the  alternating  current  circuit. 


DISCUSSION. 

LiBUTBNANT  Patten,  continuing  orally : — I  might  add  to  the 
paper  the  fact  that  the  inner  commutator,  the  one  which  is  the 
ordinary  commutator  of  the  Gramme  ring  winding,  does  not 
perform  the  ordinary  functions,  as  the  brushes  bearing  on  this 
collector  require  no  adjustment,  it  being  merely  a  rubbing  con- 
tact, from  which  the  shunt  field  current  is  taken  as  a  derivation 
to  the  main  circuit  of  the  machine.  With  that  exception,  I 
think  the  machine  is  fully  explained  in  the  paper.  . 
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Ms.  C.  O.  Mailloux  : — ^I  wonld  like  to  ask  Lieutenant  Patten 
whether  sparking  occurs  to  an  injurious  extent  or  not. 

Lieutenant  Patten  : — The  sparking  being  due  to  the  electro- 
motive force  at  the  point  of  breaking,  it  will  necessarily  occur 
during  the  starting  of  such  a  machine  and  more  than  ordinarily 
when  it  is  out  of  synchronism  with  the  alternating  current.  At 
the  outset,  it  can  be  easily  seen  that  the  alternating  current  is 
liable  to  be  broken  at  a  point  where  the  electromotive  force  is 
high,  and  therefore  the  sparking  would  be  very  violent.  I  have 
endeavored  to  obviate  the  trouble  due  to  that  cause,  by  the  device 
shown  in  Fig.  5.  If  you  will  notice  the  circuits  carefully,  it 
will  be  seen  that  the  circuit  of  the  alternating  current  is  never 
broken.  If  the  brush  comes  on  to  one  of  the  dead  segments  or 
shaded  segments  connected  with  the  rheostat  before  the  alterna- 
ting wave  has  come  to  zero,  it  finds  a  path  which  is  at  first  in 
parallel  with  the  machine  circuits  and  then  becomes  a  separate 
path  for  the  alternating  current  during  its  change,  whether  this 
change  begins  at  a  high  or  at  a  low  electromotive  force.  Of 
course,  as  the  machine  starts,  this  mny  happen  at  any  period  of 
the  wave,  and  the  brushes  passing  over  these  segments  connect 
with  the  resistance  at  the  end  of  the  group,  and  before  it  has  left 
the  group  the  current  is  abeady  short  circuited  through  this 
rheostat.  So  that  the  alternating  current  always  has  a  path  and 
the  sparking  will  not  be  excessive,  judging  from  what  little  ex- 
perience I  have  had. 

Mr.  R.  S.  Dobbie  : — I  would  like  to  inquire  whether  the  field 
magnets  are  laminated,  and  whether  the  lamination  would  be 
necessary  only  while  the  machine  was  starting  up  a«  an  alternat- 
ing motor  or  before  the  synchronism  is  attained.  I  would  also 
like  to  ask  if  the  maximum  torque  of  a  machine  is  at  one-third 
speed,  and  how  that  compares  with  the  torque  of  the  same 
machine  at  full  speed  when  the  8ynchronism  is  attained. 

Lieutenant  Patten  : — In  answer  to  the  first  point  I  would  say 
that  there  is  no  essential  reason  for  laminating  the  field  magnets 
for  any  other  purpose,  but  it  has  been  shown  by  quite  conclusive 
experiments  that  a  laminated  machine  has  a  very  definite  neu- 
tral line  of  field,  which  makes  it  better  for  taking  the  direct  cur- 
rent to  feed  the  field,  and  I  avoid  the  necessity  of  having  two 
sets  of  movable  brushes.  With  respect  to  the  other  point,  the 
torque  of  such  a  machine  depends  of  course,  entirely  on  its 
keeping  in  synchronism,  and  the  result  of  the  departure  from 
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that  point  is  well  known  to  all.  That  is  the  limit  of  the  strain 
that  can  be  exerted.  When  that  is  exerted  the  machine  will 
stop ;  it  will  not  then  continue  as  a  direct  current  machine. 

Mr.  Dobbie: — ^My  reason  for  asking  that  question  was  to  find 
out  if  the  motor  will  start  on  a  full  load. 

LiETjTENAirr  Patten  : — No  ;  it  will  not. 

Mr.  Lemuel  Wm.  Serrell  :— I  would  like  to  ask  how  the 
currents  are  short-circuited  through  the  rheostat  when  the  ends 
of  the  rheostat  are  connected  to  tlie  insulated  blocks  in  the  com- 
mutator. 

Lieutenant  Patien  : — The  question  is  a  pertinent  one  inas- 
much as  the  term  ''  insulator  "  was  used  in  the  paper.  They  are 
not  insulated  segments  in  the  true  sense  of  the  word.  They  are 
all  connected  with  each  other  and  are  of  conducting  material. 
The  mistake  is  my  own  entirely  in  using  the  word  "  insulated  " 
in  any  sense.  The  insulating  segments  referred  to  are  the  same 
kind  of  segments  as  the  others.  They  are  simply  other  segments 
not  connected  to  the  machine  circuits  and  a  little  narrower  than 
the  others. 

Mr.  Serrell  : — The  shaded  portions,  as  I  understand,  are  in- 
sulated blocks,  but  as  is  now  explained,  the  shaded  portion  indi- 
cates a  metallic  connection  separated  from  the  rest  of  the 
commutator. 

Lieutenant  Patten  : — No  ;  they  are  simply  segments,  the 
same  as  the  others,  but  are  connected  to  an  interior  rheostat, 
which  is  not  in  the  circuit  of  the  machine.  I  think,  as  has  just 
been  suggested  to  me,  that  they  should  be  called  ^'  isolating  "  seg- 
ments instead  of  insulating  segments.  They  are  segments  not 
connected  with  the  circuit  of  the  machine,  but  simply  to  the  rhe- 
ostat, which  is  shown  in  the  drawing,  and  this  rheostat  is  intended 
to  take  the  current  at  the  time  the  brush  leaves  the  group  which 
is  connected  with  the  machine  circuits  and  so  prevent  sparking. 

Mr.  H.  Ward  Leonard  : — I  would  like  to  inquire  whether 
the  interruption  of  the  current  in  the  field  is  going  to  occasion 
any  heating  of  the  field  or  loss  of  efiiciency. 

Lieutenant  Patfen  : — I  might  say  in  reply  to  that  and  answer 
at  the  same  time  a  good  many  questions  that  might  be  advanced 
of  a  kindred  nature,  that  my  experiments  have  been  very  limited 
and  that  it  would  require  considerable  investigation  to  determine 
that  point  definitely.  I  have  no  doubt  that  it  does  limit  the  ac- 
tion of  the  field,  but  to  what  degree  I  do  not  know.  / 
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current  is  broken  when  the  machine  is  in  synchronism  at  a  point 
near  its  zero  value.  Of  course,  at  16,000  alternations  per  minute 
the  interruptions  are  so  short  that  the  field  could  not  leadilj 
lose  its  magnetism,  but  whenever  there  is  a  break  of  the  current 
there  must  be  some  slight  loss  due  to  that. 

Dr.  Allen  V.  Garratt  : — Another  question  in  regard  to  the 
rheostat.  Is  the  resistance  of  those  coils  gotten  at  by  experi- 
ments, and  if  so,  what  relation  do  they  bear  to  the  resistance  of 
the  machine  itself  ? 

Lieutenant  Patten  : — So  far,  I  have  attempted  to  make  the 
rheostat  simply  equal  to  the  resistance  of  the  machine,  so  that 
there  would  be  as  little  change  in  the  strength  of  the  current  as 
possible. 

Mr.  Mailloux  : — Is  the  resistance  re-actionary  or  simply  dead  ? 

LiELTENANT  Patten  : — So  far  the  resistance  in  the  commutator 
is  a  dead  resistance  simply.  It  might  theoretically  be  made  to 
advantage  of  the  re-active  kind. 

Mr.  Mailloux  : — I  should  think  that  a  machine  of  this  kind, 
although  it  is  of  great  theoretical  interest  and  is  an  evidence  of 
striking  ingenuity,  would  be  open  to  a  defect  arising  from  the 
fact  that  the  current  is  a  wavy  one,  no  matter  how  rapid  the 
periodicity  is.  There  is  always  a  very  short  time  when  there  is 
no  current.  We  may  consider  that  the  magnetizing  current 
through  the  shunt  is  a  succession  of  waves.  Consequently  there 
would  be  a  tendency  for  the  magnetism  to  rise  and  fall.  If  tlie 
magnetic  core  is  laminated  and  of  soft  iron,  I  think  that  it  will 
be  able  to  rise  and  fall  quite  rapidly  enough  to  follow  the  fluctu- 
ations of  the  current.  We  know  that  it  does  so  in  transformers 
Of  course  there  is  a  slight  reaction  in  the  substance  of  the  iron 
itself — its  "  viscosity,"  due  to  hysteresis ;  at  the  same  time  it  is 
not  sufficiently  great  to  interfere  with  the  rise  and  fall  of  the 
magnetism,  and  the  more  perfectly  the  core  is  laminated  the 
more  rapidly  the  rise  and  fall  would  take  place.  It  seems 
to  me  there  would  be  quite  a  material  loss  under  certain 
conditions,  and  also  a  loss  due  to  the  reactions  following  from 
mutual  induction  in  the  armature  itself,  because  even  when 
running  at  synchronism  the  current  in  the  armature  would  be  a 
succession  of  rises  and  falls,  and  although  the  magnetism  of  the 
armature  is  not  reversed,  yet  the  current  is  reversed  through  the 
coils,  and  is  constantly  rising  and  falling  at  a  very  rapid  rate.  I 
should  think  that  the  loss  due  to  mutual  induction,  particulariy 

igi  ize      y  g 


DISCUSSION.  401 

in  the  presence  of  a  magnetic  body,  such  as  the  annature  core, 
would  lead  to  a  very  important  source  of  loss,  and  I  should  not 
expect  that  a  motor  built  on  that  principle  would  show  the 
efficiency  of  other  forms,  for  instance,  as  those  suggested  by 
Leblanc  in  France,  and  Mr.  Mordey  in  England. 

Lieutenant  Patten: — I  have  only  to  say  in  reply  to  that,, 
that  there  is  one  evident  misconception  about  the  direction  of 
current  in  the  armature  circuit.  It  is  always  the  same.  As  to 
what  has  been  said  with  reference  to  the  induction  due  to  the 
rise  and  fall  of  current,  such  loss  is  contemplated,  and  it  is  diffi- 
cult to  make  out  of  an  alternating  current  anything  that  does  not 
vary.  The  essential  fact,  however,  is  that  the  current  at  work  is 
due  not  only  to  the  maximum  and  zero  values  of  the  electro- 
motive force  exerted,  but  to  the  current  which  is  the  result  of 
the  mean  electric  force.  I  do  not  recall  any  machine  described 
by  Leblanc,  except  those  that  he  has  referred  to  as  Mr.  Tesla's 
and  Prof.  Thomson's  earlier  form  of  motor.     Beyond  them  I  do 


not  recall  any  machine  in  which  these  difficulties  are  not  equally 
present. 

Mr.  E.  p.  Clark: — I  do  not  think  that  the  rise  and  fall  hat 
very  much  influence,  because  when  the  armature  is  revolving  as^ 
a  high  rate  of  speed  it  is  the  same  as  a  continuous  current 
dynamo.  As  long  as  the  speed  is  constant  the  current  will  be 
very  nearly  the  same.  There  will  be  very  little  rise  and  fall  to 
it,  due  to  the  rise  and  fall  of  the  alternating  current. 

Lieutenant  Patten  : — The  current  in  the  field  will  necessarily 
be  a  re-directed  current.  It  would  be  represented  graphically  in 
the  form  I  have  drawn  on  the  board  (Fig.  7).  The  commutated 
current  at  work,  or  the  electromotive  force,  to  speak  more  strictly, 
would  be  cut  oflf  at  the  point  a,  we  will  say,  if  the  machine  is 
in  synchronism  at  points  a}  and  a\  the  interval  would  be  a. 
period  of  no  current.  The  loss  spoken  of  by  Mr.  Mailloux  will 
exist  during  such  a  slight  period  of  no  current  whatever,  as 
occurs  at  this  point.    I  think  that  a  solid  field  would  not  probably 
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give  up  its  magnetism  during  that  sliort  period  of  time.  A 
closely  laminated  field  might  do  so. 

Mr.  Leonard: — I  should  like  to  ask  if,  when  the  load  is 
remov  d,  there  would  be  a  tendency  to  race? 

Lieutenant  Patten  : — The  limit  of  load  in  such  machines  is 
that  which  is  required  to  throw  it  out  by  a  full  quarter  of  a 
period,  and  this  is  reduced  to  a  quarter  of  a  group  of  segments. 
If  the  load  is  lifted  oflf  it  cannot,  unless  the  conditions  of  current 
change  suddenly,  go  beyond  its  ordinary  synchronous  rate. 

Mr.  Leonard  : — Can  it  race  ? 

Lieutenant  Patten  : — I  think  not.  The  tendency  of  course 
is,  if  it  races,  to  go  to  the  double  synchronism.  It  has  to  go  to 
the  double  speed  or  the  quadruple,  or  else  at  the  single  speed  at 
which  it  is  synchronous. 

Mr.  Mailloux: — I  do  not  think  that  Lieut.  Patten  has  made 
quite  clear  the  influence  at  work  to  maintain  the  speed  constant 
when  the  load  is  increased  or  decreased — the  exact  action  which 
takes  place  by  which  the  torque  is  changed. 

Lieutenant  Patten  :  — The  action  of  this  machine  is  not  dif- 
ferent from  that  of  an  ordinary  alternating  current  motor,  where 
its  maximum  electromotive  force  is  exerted  when  it  is  in  syn- 
chronism within  a  quarter  period  of  that  of  the  generator.  If  it 
is  overloaded  beyond  that  point  it  comes  to  a  state  of  rest  or  short 
circuits  the  armature  and  it  burns  up. 

Mr.  Edward  P.  Thompson  : — The  question  has  occurred  to  me 
whether  this  new  type  of  motor  is  also  a  dynamo,  and  what  kind 
of  current  would  be  generated  by  it  ? 

Lieutenant  Patten  : — I  have  never  driven  the  machine  back- 
wards, but  I  discnssed  this  question  with  Mr.  Seely  in  the  Patent 
Office,  and  it  was  first  supposed  by  him  that  the  machine  was 
not  a  "  dynamo  and  electric  motor "  as  I  had  termed  it  in  the 
specification.  But  we  finally  c.ime  to  the  conclusion  that  it  was. 
The  chief  objection  is  that  a  seK-exciting  dynamo  must  have  a 
continuous  current  to  excite  its  field,  and  it  must  be  an  increasing 
current.  The  unfortunate  thing  about  this  machine  is  that  it  has 
not  an  increasing  current.  The  question  arises  as  to  whether 
there  would  be  a  sufficient  continuity  of  current  in  the  machine 
with  this  short  circuit  to  make  it  a  dynamo.  I  have  not  driven 
it  backwards,  and  the  theoretical  result  can  be  arrived  at  as 
readily  by  my  associates  as  by  myself.  I  think  it  would  be  a 
•dynamo,  but  of  low  efficiency.  .  , 
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Mr.  Leonard  : — I  should  like  to  ask  Lieutenant  Patten  if  he 
would  kindly  give  us  some  description  of  the  performance  and 
sizes  of  the  machines  that  he  has  made  thus  far. 

Lieutenant  Patten  : — Those  I  have  made  are  too  small  to 
give  any  data  which  would  indicate  any  efficiency  worth  talking 
about. 

Mr.  Leonard  : — What  voltage  did  you  work  upon  ? 

Lieutenant  Patten  : — ^100. 

The  Chairman  : — There  are  several  points  in  this  discussion 
which  should  be  elucidated,  and  if  any  gentlemen  has  questions 
to  askj  or  theories  to  ventilate,  or  ingenious  motors  of  his  own  to 
describe,  I  trust  he  will  have  no  reluctance  in  doing  so.    There 


Pig.  8. 

are  several  gentlemen  here  whom  we  all  know  to  be  interested  in 
the  subject ;  I  do  not  think  that  they  should  make  it  requisite  for 
me  to  call  upon  them.  We  would  be  very  glad  to  hear  from 
them,  and  although  some  of  them  are  here  with  us  for  the  first 
time,  I  do  not  think  that  they  need  have  any  hesitancy  in  letting 
us  hear  from  them. 

Lieutenant  Patten  : — In  the  meantime  I  will  draw  the 
Mordey  machine  on  the  board  and  show  the  difference.  (Fig.  8 
was  placed  on  the  board.)  The  device  for  rectification  is  fixed 
on  the  spindle  of  the  moving  machine.  The  dotted  line  repre- 
sents the  spindle  of  the  machine.     It  is  the  commutator  of  an 
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ordinary  armature  which  is  shown  here.  This  being  the  arma- 
ture circuit  we  Avill  trace  it  simply  as  a  closed  coil  from  the  upper 
point  to  the  opposite  point  of  the  commutator  and  thence  to  the 
field.  On  the  same  spindle  with  this  armature  is  placed  another 
commutator,  which  is  shown  here  in  two  parts.  The  upper  and 
the  lower  halves  are  separated  by  isolated  segments  connected 
to  a  rheostat  such  as  I  have  described  this  evening.  It  is  shown 
this  way,  but  in  reality  there  are  for  each  pair  of  segments  a  corres- 
ponding pair  of  isolating  segments  connected  with  the  rheostat, 
so  that  after  the  brush  passes  one  segment  it  connects  with  the 
rheostat,  and  so  on.  At  the  bottom  is  the  source  of  the  alternat- 
ing current.  These  terminals  go  to  the  two  brushes ;  bearing  on 
the  rectifying  commutator  which  is  broken  up  into  alternating 
segments,  part  of  them  connected  and  part  isolated.  The  live 
segments  are  connected  alternately  to  two  rings,  say  one  half  to 
the  segments  of  one  ring  and  the  other  half  to  the  other  ring. 
Bearing  on  these  rings  are  two  brushes  used  as  intermediate  con- 
nections. Evidently  this  machine  requires  a  speed  of  rotation 
such  that  the  alternating  current  coming  in  at  these  two  terminals 
will  be  commuted;  then  a  direct  current  will  flow  from  the 
brushes,  bearing  on  the  continuous  rings,  and  from  these  brushes 
we  have  a  direct  current  through  the  armature  and  field  in  series, 
back  to  the  outer  ring  arid  so  returning  to  the  source  of  the 
alternating  current.  This  is  spoken  of  by  Leblanc  as  one  solution 
of  alternating  current  motors.  It  is  not  an  alternating  current 
motor  in  the  strict  sense  of  the  word,  because  the  alternating 
current  is  commuted  before  it  is  put  into  the  machine.  It  is 
open  to  the  same  objection,  of  course,  that  the  alternating  current 
is  broken  at  the  point  where  it  passes  zero  value,  and  the  same 
remark  applies  to  the  field. 

Mr.  W.  Fohman  Collins: — ^When  you  break  the  circuit 
there,  the  field  will  lose  its  magnetism.  Will  not  the  armature 
act  as  a  short  circuit  across  the  field. 

Lieutenant  Patten  : — If  the  machine  is  in  synchronism  the 
current  at  this  point  is  near  zero,  and  the  short  circuit  is  then  of 
little  consequence. 

Mr.  Collins  : — It  would  induce  very  heavy  sparking,  would  it 
not? 

Lieutenant  Patten  : — It  would  if  it  were  not  for  the  isolated 
segments,  on  which  the  brushes  then  bear,  and  which  offer  a  path 
for  the  current  and  so  prevent  its  rupture. 
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Mb.  Collins: — Provided  the  field  mafntains  some  litttle  mag- 
netism. 

Lieutenant  Patten  : — Yes ;  if  it  gives  it  up  entirely ;  of 
course  the  reactionary  effect  would  produce  sparking. 

Mr.  Dugald  C.  Jackson: — I  should  like  to  ask  if  all  these 
schemes  are  not  beating  around  the  bush  to  get  a  continuous  cur- 
rent motor,  and  if  the  size  of  the  machine  when  put  on  practical 
circuits  is  not  prohibitive,  and  that  consequently  we  cannot  with 
any  of  these  devices  get  an  alternating  current  motor  that  will 
do  the  work  on  practical  circuits  economically. 

Lieutenant  Patten  : — If  we  accept  the  gentleman's  remarks 
as  conclusive  that  would  settle  the  matter.  I  shall  have  to  refer 
you  to  future  generations  for  your  answer. 

Mr.  Charles  J.  Reed: — I  would  like  to  ask  one  more  question 
in  regard  to  the  action  of  these  waves.  As  the  potential  varies 
from  maximum  to  zero,  will  not  the  iron  completely  lose  its 
magnetism  each  time  as  the  potential  falls  to  zero.  I  confess  I 
am  not  posted  on  the  rate  of  demagnetization  of  iron,  but  I  am 
informed  that  in  an  ordinary  converter  the  iron  will  actually  be- 
come demagnetized  something  like  twenty  thousand  times  a 
minute.  I  would  like  to  get  some  information  on  that.  If  that 
is  so,  and  you  use  a  current  having  a  less  number  of  reversals 
than  that,  would  not  the  magnetism  actually  become  zero  between 
each  of  those  successive  impulses  or  waves  ? 

Lieutenant  Patten: — I  would  suggest  that  you  call  upon 
others  to  answer  these  question  of  geileral  information.  I  would 
simply  say  in  reply,  that  so  far  as  my  experience  is  concerned  I 
have  seen  magnets  that  change  their  magnetism  as  slowly  as 
fifteen  times  a  second  and  retain  enough  to  act  as  small  dynamos ; 
that  is  very  slow  as  compared  with  133  reversals  which  are  used 
in  this  country,  and  50  on  the  other  side.  But  there  undoubtedly 
is  an  approach  to  zero  in  the  magnetic  field,  and  there  is  at  the 
same  time  a  period  of  zero  current  in  the  armature.  You  can 
have  an  iron  field  that  will  not  give  up  its  magnetism  in  the  133.d 
part  of  a  second,  and  you  can  have  one  that  will  give  it  up  in 
much  less  time,  and  you  can  have  one  that  will  retain  it  one- 
fifteenth  of  a  second. 

Mr.  Reed  : — Would  not  your  laminated  field  be  an  objection 
in  that  it  would  tend  to  have  the  magnetism  actually  become 
zero  at  each  reversal? 

Mr.  Mailloux  : — I  think  we  can  throw  some  light  on  this 
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point.  I  do  not  think  that  the  magnetism  would  necessarily 
come  to  zero,  for  the  reason  that  we  are  not  dealing  with  a 
simple  magnetic  circuit.     If  we  were  dealing  with  a  simple  ' 

magnetic  circuit  in  which  there  is  no  reaction  against  the  lines  \ 

of  force  in  collapsing  then  you  would  doubtless  get  a  very  quick  ! 

collapse  of  the  magnetism,  and  possibly  absolute  zero  of  magnet- 
ism in  the  interval  between  the  two  pulsations.  You  miglit  ex- 
plain this  by  taking  an  ordinary  magnetic  circuit — a  ring  for 
instance — with  a  magnetizing  coil,  the  ring  consisting  of  very 
finely  divided  wire.  Now,  if  there  is  no  reaction  (Foucault 
currents,  etc.)  against  the  flow  of  lines  of  force ;  if  we  assume 
the  ring  to  be  fully  magnetized  and  the  magnetism  suddenly  re  i 

leased,  and  if  we  even  eliminate  the  self-induction  of  the  magnet-  ] 

izing  coil  itself,  then  we  will  readily  see  that  the  magnetism  will  i 

fall  almost  instantly.  There  are  experiments  which  go  to  show 
that  the  fall  of  magnetism  would  take  place  in  an  inconceivably 
small  space  of  time  under  such  circumstances.  But  if  we  inter- 
pose in  the  path  of  the  lines  of  force  as  they  move,  while  rising 
or  falling,  a  closed  circuit  or  some  other  form  that  would  tend  to 
produce  reaction,  then  we  get  what  we  call  "  Lenz  effects,"  and 
in  that  case  we  cannot  get  such  a  rapid  rise  and  fall.  Now,  in 
this  machine  the  armature  itself,  the  core  and  conductors  are  in 
the  magnetic  circuit ;  they  form  a  part  of  it.  Consequently  at 
the  time  the  magnetism  is  falling  or  rising  there  would  have  to 
be  considered  the  reaction  due  to  the  conductors  wound  around 
the  magnetic  field  itself,  and  also  the  conductors  wound  around 
the  armature,  and  the  currents  induced  in  these  conductors  by 
either  the  rise  or  fall  would  necessarily  tend  to  retard  both  the 
magnetizing  and  the  demagnetizing  process,  and  I  should  think 
that  it  would  be  possible  to  so  regulate  the  self-induction  of  the 
different  portions  of  the  circuit  as  to  control  that.  I  at  first 
thought  that  the  demagnetization  would  take  place  very  rapidly. 
I  still  believe  that  there  will  be  a  great  fluctuation,  but  it  would 
probably  come  considerably  short  of  absolute  zero.  There  would 
be  a  certain  amount  of  residual  magnetism  during  the  intervals 
between  the  current  waves. 

Dr.  Ctarratt  : — On  the  general  principle  that  sometimes 
"fools  rush  in  where  angels  fear  to  tread,"  I  would  say  that  I 
confess  that  it  does  not  seem  to  me  that  this  question  of  the  fall 
of  magnetism  of  the  field  would  be  such  a  very  serious  one, 
although  in  this  case  I  am  speaking  not  at  all  from  experience, 
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never  haying  wound  a  machine  of  that  character.  Bnt  if  I 
understood  the  gentleman  correctly,  the  only  reason  why  he 
laminates  his  field  is  to  prevent  nndne  heating  at  the  starting  of  - 
the  machine.  We  have  spoken  of  lamination  as  though  it  were 
a  fixed  thing.  It  may  mean  breaking  up  the  core  into  two  or 
tl>ree  pieces  or  into  a  million.  I  suppose  that  it  would  be  simply 
necessary  to  so  proportion  the  laminations  of  the  field  that  its 
magnetization  would  not  fall  unduly  and  so  that  in  starting  the 
machine  the  field  magnets  would  not  get  unduly  heated.  It 
seems  to  me  that  it  could  be  got  at  empirically  in  the  natural 
process  of  building  these  machines  of  various  sizes,  and  that  it 
cannot  be  got  at  by  pure  inductive  reasoning. 

Mb.  E.  T.  Birdsall  : — I  think  one  point  has  been  overlooked 
and  that  is,  the  action  of  different  sizes  of  the  machine.  In  small 
machines,  we  know  that  in  breaking  the  magnetic  circuit,  the 
magnet  loses  its  power  very  quickly.  In  large  machines  of 
twenty  or  thirty  horse-power,  it  is  known  that  magnets  will  not 
lose  their  magnetism  for  from  two  to  three  seconds,  where  the 
cores  have  a  large  amount  of  iron  in  them.  In  that  case  we 
might  arrive  at  a  mean  degree  of  lamination,  which  would  not 
produce  too  much  heating.  We  might  arrive  at  a  size  which 
would  be  a  mean  size  of  machine  and  which  would  give  the  best 
effect.  It  also  struck  me  in  regard  to  the  magnetism  falling, 
that  possibly,  although  I  have  not  thought  it  out,  it  does  not 
matter  so  much  whether  the  magnetism  does  fall,  because  every- 
thing else  is  zero  at  the  same  time  the  magnetism  is  zero. 

I'he  Chairman  : — There  is  one  gentleman  with  us  this  even- 
ing who  has  had  considerable  experience  in  the  manufacture  of 
converters  and  also  in  their  use,  who,  I  think,  could  enlighten  us 
on  two  or  three  of  the  points  which  have  just  been  raised.  I  re- 
fer to  Mr.  Gutmann,  I  think  he  might  favor  us  with  one  or  two 
practical  remarks  on  the  subject. 

Mr.  Ludwig  Gutmakn  : — I  think  the  motor  just  described  is  a 
very  ingenious  one,  but  we  cannot  discuss  the  motor  itself  as  it 
stands  alone.  We  have,  of  course,  to  consider  it  in  connection  with 
the  circuit,  because  we  want  to  transmit  power.  Synchronous 
motors  generally  can  not  be  thoroughly  successful  because  they 
will  not  answer  all  purposes.  The  same  speed  is  not  required  in 
all  oases.  This  motor,  of  course,  is  a  step  forward,  because  it  can  be 
so  arranged  as  to  permit  the  introduction  of  motors  of  different 
speeds  on  the  same  circuit.    Nevertheless  the  motor  i^  Pfo&Pp 
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confitant  speed  type,  while  in  practice  a  variable  speed  is  often 
desirable.  I  see  one  serious  objection  to  the  motor,  and  that  i&^ 
that  it  has  the  high  potential  current  in  the  motor  armature 
itself,  and  in  case  of  any  trouble  arising,  the  consumer  who  has 
to  handle  it  is  immediately  exposed  to  the  danger  of  the  medium 
or  high-tension  current  in  the  main  wires.  That  is  the  most 
serious  trouble  that  I  find  with  it.  Otherwise  I  believe  it  would 
answer  many  purposes,  because  I  think  the  motor  will  do  its 
work  well.  It  appears  the  motor  would  not  start  from  a  state  of 
rest  with  any  load  on  it  and  it  would  need  a  loose  pulley  so  as  to 
get  up  to  synchronism  before  the  load  could  be  thrown  on.  This 
of  coarse,  would  be  a  weakness,  but  not  fatal ;  but  I  do  think  it 
serious  that  the  machine  requires  a  high  potential.  I  do  not 
think  that  this  motor  can  be  worked  with  low  tension  currents, 
because,  especially  to  produce  three  or  four  horse-power,  or  more, 
the  self-induction  in  those  coils  in  connection  with  the  mass  of 
iron  is  great.  If  such  a  motor  should  be  placed  on  an  ordinary 
alternating  current  having  about  1,000  or  1,500  volts,  and  we 
should  always  have  to  send  practical  and  experienced  men  to  re- 
pair the  brushes,  etc.,  because  tliey  are  exposed  to  the  1,000  volt 
currents,  and  on  this  ground  1  do  not  think  that  it  would  be  a 
solution  of  the  problem,  althougli  a  decided  step  in  that  direction. 
Lieutenant  Patten: — With  reference  to  the  high  potential 
of  the  machine,  of  course  in  the  general  description  I  have  given 
I  have  represented  any  source  of  alternating  current  of  high  or 
low  potential,  and  so  no  special  reference  is  made  to  its  use  as  a 
high  potential  machine,  on  the  direct  mains  from  the  station. 
The  source  of  alternating  current  is  presumably  one  suited  to  the 
conditions.  With  reference  to  the  further  difiiculty  mentioned, 
accidents  will  happen  with  any  kind  of  machine,  either  direct  or 
alternating,  while  the  other  forms  of  motor  have  some  advantage 
in  having  ring  contacts  and  sliding  brushes  that  require  no  at- 
tention. The  disadvantages  that  are  introduced  by  bringing  in 
the  use  of  brushes  are  incident  as  well  to  the  ordinary  forms  of 
motors.  We  are  not  so  familiar  with  the  kind  that  have  no  com- 
mutators that  we  have  got  used  to  their  ease  and  simplicity  of 
working.  The  second  set  of  brushes  are  not,  as  I  said  before, 
brushes  in  the  ordinary  sense,  and  do  not  require  adjustment  and 
care.  If  a  high  potential  machine  is  used,  of  course  the  ordinary 
precautions  will  have  to  be  taken.  It  is  not  quite  within  the 
province  of  the  alternating  current  motor  to  make  the  alternatiirg 
current  safe  for  everybody  who  uses  it.  digitized  byLiOOgle 
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Mr.  Gutmann  : — I  wish  to  point  out  that  alternating  current 
motors  have  this  drawback,  that  the  coils  surrounding  the  iron 
core  need  a  certain  pressure  to  make  any  current  flow  through 
those  coils — to  get  any  power  out  of  the  motor  we  have  to  force 
the  current  through.  Now,  to  produce  five  or  ten  horse  power 
we  need  a  certain  number  of  ampere  tarns  in  the  field.  To  have 
this  certain  number  of  ampere  turns  we  must  have  a  considerably 
higher  pressure  than  might  be  supposed.  We  must  have  an 
armature  to  perform  the  work  and  to  obtain  the  torque.  Con- 
sequently I  think  it  is  impossible  to  realize  a  large  amount  of 
power  without  using  medium  or  high  tension  currents  for  alter- 
nating current  motors.  Another  point  is,  that  we  have  to  con- 
sider that  alternating  current  motors  will  not  always  be  placed 
in  the  hands  of  scientists,  but  will  have  to  be  used  by  inex- 
perienced men,  consequently  I  think  this  is  a  weakness  in  the 
motor  if  we  have  loose  or  sliding  connections  in  a  high  potential 
circuit.  I  should  prefer  to  have  a  motor,  for  instance,  like  Prof. 
Thomson's,  in  which  the  high  tension  current  is  fixed — no 
rubbing  contact,  and  Mr.  Tesla  has  shown  us  a  motor  without 
any  commutator  or  brushes,  and  I  believe  there  are  many  elec- 
tricians hard  at  work  to  get  something  similar  without  a  com- 
mutator, which  is  far  preferable,  but  we  will  have  to  wait  some 
time  before  we  shall  get  that;  and  Thomson,  for  instance,  has 
given  us  a  motor  in  which  the  field  alone  is  in  the  high  tension 
circuit.  This  is  the  main  drawback  that  I  find  to  this  motor. 
If  we  had  no  rubbing  contact  in  these  motors  it  would  be  a  great 
advantage.  As  it  stands,  the  armature  is  in  series,  or  is  in  con- 
nection with  the  field,  and  consequently  we  have  an  increased 
self-induction,  and  we  need  a  greater  power  and  greater  tension 
for  this  class  of  motor  than  we  would  if  we  had  only  to  energize 
one  of  the  two  parts,  either  the  armature  or  the  field  with  the 
current,  and  that  is  the  reason  I  said  that  there  is  a  serious  difii- 
culty  in  introducing  it  into  ordinary  use. 

The  Chairman  : — If  there  is  any  gentleman  here  who  is  not  a 
member,  but  who  wishes  to  speak,  we  should  be  glad  to  hear 
from  him.  I  noticed  in  the  course  of  discussion  that  the  criti- 
cisms so  far  on  this  motor  have  come  from  those  who  are  partial 
to  the  alternating  current  motor,  and  may  be  said  to  be  working 
in  that  field.  But  it  seems  to  me  that  there  are  one  or  two 
criticisms  or  objections  to  be  advanced  from  the  continuous 
current  side  of  the  house,  and  those  objections  have  be^^^^^|(^ 
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:at  by  one  gentleman  on  my  left.  With  regard  to  the  shape  and 
£ize  and  weight  of  the  alternating  current  motor  as  compared 
with  others,  it  seems  to  me  that  there  are  one  or  two  material 
and  pertinent  points  to  be  dealt  with.  Dr.  Wheeler  perhaps 
might  touch  on  that.  We  should  also  be  very  glad  to  hear  from 
Mr.  Blake. 

Db.  Wheeler  : — You  are  very  kind,  but  I  have  not  heard  all 
•of  the  paper  and  I  am  not  prepared  to  speak  on  it. 

The  Chairman  : — Haven't  you  read  it  ? 

Dr.  Wheeler: — ^I  read  it  hastily.     (Laughter.) 

The  Chairman  : — There  being  no  other  speaker,  we  should  be 
glad  to  hear  from  Lieutenant  Fatten  in  reply  and  in  conclusion, 
though  I  think  his  replies  have  already  been  numerous  and  in 
most  cases  almost  conclusive. 

Lieutenant  Patten  : — I  think  the  alternating  current  motor 
might  be  left  for  the  present.  As  to  making  a  rival  to  the  direct 
current  motor,  no  attempt  is  made  in  that  direction.  The  object 
is  not  to  make  a  machine  which  has  less  weight  and  more 
efficiency  at  the  outset  than  one  that  has  been  improved  by  the 
ablest  talent  of  the  world  for  the  last  five  or  six  years.  The 
question  is,  whether  or  not  we  can  make  an  alternating  current 
motor  at  all.  If  we  could,  the  question  might  be  put,  what  are 
you  going  to  do  with  your  current  ten  miles  from  here  if  you 
<^nnot  get  an  alternating  current  motor  ?  I  think  if  the  efficiency 
of  such  a  machine  drops  to  sixty  per  cent,  it  would  not  be  a  vital 
question  in  the  problem  with  reference  to  the  great  importance 
of  the  transmission  of  power  to  great  distances. 

The  Chairman  : — I  am  sare  it  has  been  a  great  pleasure  to  all 
of  us  this  evening  to  learn  from  Lieutenant  Patten  how  great 
And  how  rapid  has  been  the  improvement  in  the  direction  of 
giving  us  a  practical  and  useful  alternating  current  motor. 

I  now  have  much  pleasure  in  announcing  that  for  our  October 
meeting  we  shall  have  a  paper  by  Mr.  Thomas  D.  Lockwood,  a 
member  of  our  Board  of  Managers,  who  has  recently  returned 
from  a  prolonged  trip  through  Europe,  and  has  made  a  great 
many  observations  on  electrical  development  there,  and  who 
proposes  to  lay  before  us  the  pith  of  his  notes  on  the  subject. 
The  paper  will  be  read  on  October  the  15th. 

Adjourned. 
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ELECTRICAL  NOTES  OF  A  TRANSATLANTIC  TRIP. 


BY   THOMAS   D.    LOCKWOOD. 


Although  the  English  Electrical  Review  has  heretofore  bev.  n 
80  good  as  to  intimate  in  speaking  of  some  of  my  pen  produc- 
tions, that  they  are  characterized  by  such  a  mixture  of  practical 
information  and  humor  as  only  a  true  bom  American  could  pro- 
duce, yet  it  is  a  fact,  as  some  among  you  have  long  been  aware, 
that  I  am  of  English  parentage  and  birth,  and  lived  in  England 
for  the  first  sixteen  years  of  my  life. 

It  thus  came  about  that  I  was  more  easily  enabled  to  assimilate 
in  habit  and  thought  with  the  English  electricians  whom  I  had 
the  good  fortune  to  meet,  than  is  usual,  and  my  visit,  so  far  as  the 
British  Isles  were  concerned, — though  the  first  one  in  twenty-four 
years — was  much  like  the  return  of  a  wanderer  to  his  home. 

The  most  difficult  part  of  this  paper  was  the  choice  of  a  suit- 
able designation  therefor.  I  cogitated  over  many ;  among  others, 
I  thought  for  a  moment  of  denominating  it  "A  Visit  to  Europe 
and  the  Bull;"  the  Bull,  of  course,  being  playfully  indicative  of 
of  the  domain  of  John  of  tliat  ilk. 

Calm  contemplation,  however,  showed  me  that "  Europa  and  the 
Bull"  were  out  of  question,  and  that  such  a  title  would  have  ap- 
peared in  the  highest  degree  anomalous  to  those  who  consider  the 
United  Kingdom  as  constituting  a  part  of  Europe.  Moreover,  it 
might  be  thought  by  others  that  as  I  spent  so  little  time  on  the 
Continent  of  Europe  and  saw  so  little  of  it,  I  was  not  authorized 
to  speak  so  grandiloquently  of  my  humble  few  days  in  France 
and  Belgium ;  and  inasmuch  as  many  of  my  observations, — for 
example  those  on  outdoor  electrical  construction — are  equally  ap- 
plicable to  continental  and  insular  Europe,  there  might  be  some 
doubt  in  the  minds  of  my  auditors  whether  there  was  any^cl 
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cut  line  of  difEerentiation  between  the  two  elements  of  snch  a 
combination  title. 

Indeed,  while  myself  considering  this  composite  caption,  1  was 
forcibly  reminded  of  a  remarkable  passage  in  the  life  of  the  late 
Alfred  Smee  (he  who  was  principally  known  as  the  inventor  of 
the  Smee  battery,  in  which  polarization  was  prevented  or  ma- 
terially retarded,  by  making  the  negative  plate  of  silver,  coated 
with  finely  divided  platinnm),  but  who  was  really  one  of  the  most 
able  of  the  early  electricians  and  electro-metallurgists,  and  a  gen- 
eral philosopher  of  high  merit. 

Mr.  Smee,  during  the  years  1845  to  1847,  took  a  great  interest 
in  the  potato  disease,  and  his  view  that  the  disease  was  produced 
by  the  ravages  of  a  variety  of  aphides  excited  considerable  ran- 
corous animosity  and  ridicule. 

In  a  pantomime  exhibited  at  Drury  Lane,  appeared  the 
following: 

Scene — A  village  with  shows,  etc. — little  boy  looking  at  a  peep 
show. 

Showman  loquiter — "  This  is  the  aphis  vastator  as  you  may 
see,  very  much  magnified  by  Mr.  Smee."  Boy — "  Please,  sir, 
which  is  the  aphis  and  which  is  the  tater  ?"  Showman  —Which- 
ever you  like,  my  young  investigator  " 

And  in  the  same  manner  had  I  chosen  the  enterprising  title 
already  referred  to,  my  hearers  might  have  felt  disposed  to 
enquire :  "  Which  is  Europa  and  which  is  the  Bull  ? 

My  excursion,  from  the  time  I  left  home  until  the  day  of  my 
return,  extended  over  a  period  of  twelve  weeks,  minus  two  days. 
I  sailed  from  Montreal  in  the  steamship  "  Vancouver "  of  the 
Dominion  Line,  and  had  a  short  passage  and  over  48  hours  of 
river  and  gulf  sailing. 

Passengers  taking  this  route  have  a  very  short  sea  space  and  a 
correspondingly  long  and  delightful  smooth  water  and  land- 
locked experience ;  they  have  a  greater  chance  of  seeing  icebergs, 
whales  and  porpoises,  with  a  certainty  of  cooler  weather  and  a 
reasonable  possibility  of  rougher  seas.  I  returned  in  the  "  City 
of  Rome,"  the  only  Anchor  Line  steamer  plying  between  liver- 
pool  and  New  York. 

I  staid  on  my  arrival  in  England  a  few  days  in  Liverpool, 
passed  on  to  the  Derbyshire  peak  district,  then  to  Birmingham. 
From  thence  I  went  to  London,  making  my  headquarters  not  in 
the  city,  but  in  a  most  beautiful  town,  Tunbridge  Wells,  which 

Digitized  by  VjOOQ  IC 


A  TRANSATLANTIC  TBIP.  418 

is  an  inland  watering  place  some  thirty  miles  distant,  in  Kent. 
Later  I  passed  over  by  way  of  Dieppe  to  Paris,  and  after  a  few 
days  there,  returned  to  England  through  Brussels  and  Antwerp. 

After  staying  a  few  days  more  in  London,  I  went  to  Scotland, 
calling  at  the  Cathedral  cities  of  Lincoln  and  York,  and  at  the 
manufacturing  city  of  Newcastle-on-Tyne.  I  halted  at  Edinburgh, 
pa«5sing  on  later  to  Inverness,  via  Perth ;  and  then  down  the 
Caledonian  canal  to  Glasgow,  and  back  to  London,  stopping  en 
route  once  more  at  Edinburgh.  Then  I  took  a  side  trip  from 
London  to  Salisbury,  Bath,  Gloucester  and  Worcester,  and  again 
returned  to  London  via  Oxford.  Finally  I  started  from  London 
to  (.^hester,  a  most  charmingly  antiquated  walled  city,  visited 
some  of  the  North  Wales  watering  places,  inspected  the  mediae- 
val castles  of  Conway  and  Camavon,  climbed  Snowdon,  sailed 
from  Holyhead  to  Dublin,  took  railway  to  Cork,  passing  the 
celebrated  Blarney  castle  and  stone,  spent  a  day  at  Killarney,  and 
took  ship  at  Queenstown. 

My  visit  was  not  a  business  trip,  and  I  made  no  attempt  to 
combine  pleasure  and  business,  but  it  is  hardly  necessary  to  say 
that  I  did  not  travel  with  my  eyes  shut ;  and  that  when  anything 
electrical  came  before  me,  I  had  no  hesitation  in  making  obser- 
vations on  it.  However,  my  observations  were  somewhat 
desultory,  and  my  account  of  them  will  necessarily  also  partake 
of  that  character. 

TELEGBAPHT. 

I  saw  little  of  interest  in  telegraphy  until  my  arrival  in  Lon- 
don, where  I  lost  no  time  in  looking  up  William  H.  Preece,  the 
well-known  electrician  of  the  British  telegraphs,  whose  urbanity 
and  good  nature  were  as  usual  far  above  par.  By  his  favor  I  was 
able  to  inspect  the  central  telegraph  station,  which  is  located  in 
an  immense  building  in  St.  Martins  Le  Grand,  just  opposite  the 
general  post-office  building  proper. 

I  was  placed  in  the  care  of  Mr.  Cooper,  a  genial  gentleman, 
charged  to  a  high  potential  with  useful  information,  and  in  his 
company  paid  my  respects  to  H.  C.  Fischer,  the  controller  of  the 
central  station. 

Mr.  Fischer,  with  whom  I  had  had  some  previous  acquaintance 
during  his  visit  to  America  in  1877,  made  strenuous  efforts  to  re- 
collect me,  and  1  think  succeeded,  although  I  am  not  sure.  But 
if  his  recollection  was  not  perfect,  it  was  at  least  a  good  imitation, 
and  did  not  in  the  least  interfere  with  the  cordial  reception  which 
I  received  at  his  hands.  ^ptized  by  L^OOgle 
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The  London  operating  room,  or  rooms,  is  an  immense  affair. 
Heretofore  I  had  a  most  exalted  opinion  of  the  size  of  the  West- 
em  Union  room  in  New  York,  but  the  London  room  was  a  de- 
cided revelation.  I  noticed  a  very  peculiar  effect  there.  When 
first  introduced,  a  good  sized  room  filled  with  operators,  or  more 
properly  telegraphists,  and  apparatus  dawned  upon  my  vision, 
and  together  with  Mr.  Cooper  and  the  superintendent  in  charge, 
I  wandered  through  it;  but  near  the  end  we  suddenly  turn  a 
corner,  and  another  vista  as  wide  and  long  as  the  first,  appears, 
which  again  we  traverse  only  to  find  once  more  as  we  approach 
its  farthest  limit,  that  a  third  vast  expanse  lies  before  us,  and  so 
on  appai*ently  for  half  a  dozen  successive  times.  Then  I  was  led 
upstairs  where  a  similar  succession  of  rooms  was  exhibited  to  my 
bewildered  gaze. 

Morse  instruments,  both  sounder  and  ink  writer,  were  there  to 
be  found.  The  single  needle  also  appeared  to  hold  its  own,  and 
I  saw  something  new  to  me,  viz.,  telegraphists  reading  by  sound 
from  the  click  of  the  single  needle  as  it  vibrated  from  one  side  to 
the  other,  striking  its  limiting  stop. 

With  respect  to  the  Morse,  I  do  not  think  the  average  trans- 
mission is  as  fast  as  is  the  American  average,  nor  do  I  think  it 
possible  to  achieve  extremely  rapid  sending  with  the  heavy  keys 
generally  in  use. 

I  was  greatly  interested  with  the  way  in  which  the  Delany 
multiplex  has  been  taken  up  by  the  British  telegraphic  authori- 
ties. It  may  have  been  in  some  degree  improved  and  modified, 
and  T  understood  that  the  number  of  circuits  simultaneously 
worked  successfully,  were  not  as  great  as  had  been  hoped  for, 
but  still  it  was  in  use ;  its  use  was  increasing,  it  was  doing  good 
work  on  lines  of  considerable  length,  and  the  operators  liked  it. 

Upon  making  inquiries  about  the  Wheatstone  automatic,  it  was 
to  be  noted  that  while  authorities  united  in  enthusiastic  praise  of 
its  qualifications  as  a  fast  telegraph  in  all  cases  where  the  matter 
transmitted  was  to  be  received  in  duplicate  or  in  multiple,  such 
as  news,  the  praise  was  by  no  means  so  emphatic  with  respect  to 
its  ordinary  use  as  a  means  of  transmission  for  business  messages, 
as  so  much  time  was  required  to  be  taken  up  in  the  preliminary 
measure  of  punching. 

The  Pneumatic  Dispatch  branch  of  the  London  station  is  on 
an  equal  scale  of  immensity,  and  in  fact  is  one  of  the  great  fea- 
tures of  London  telegraphy.    Throughout  the  lengtLand  btfja^th 
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of  the  land  I  found  civility  and  prompt  attention  in  the  matter  of 
receiving  and  delivering  telegrams.  Early  and  late  I  tested  the 
telegraphic  service,  and  found  it  up  to  the  mark. 

It  is,  I  believe,  a  regulation  that  all  telegrams  are  to  be  prepaid 
by  stamp  ;  the  said  stamps  in  all  cases  to  be  affixed  by  the  sender. 
The  former  of  these  provisions  is  no  doubt  invariably  carried  out, 
but  as  the  latter  is  not  always,  I  cannot  speak  positively  as  to 
either. 

As  a  matter  of  fact  I  was  rarely  required  to  affix  my  own 
stamps  in  telegraph  offices  in  large  cities,  whereas  the  letter  of 
the  law  was  fully  carried  out  in  small  places,  the  principle  being, 
I  suppose,  at  these  places,  to  make  up  in  formality  for  what  was 
lacking  in  amount  of  business. 

The  facilities  for  telegraphy  in  the  United  Kingdom  are 
wonderfully  complete,  and  I  found  no  place  too  small  for  a  tele- 
graph office  ;  moreover  in  my  opinion,  telegraphy  is  there  cheap, 
in  spite  of  the  fact  that  the  address  and  signature  has  to  be 
counted  in  and  paid  for. 

The  dynamo  does  not  appear  to  be  employed  as  a  source  of 
telegraphic  currents,  and  here,  I  think  the  British  telegraph 
system  is  a  little  behind  the  times.  Yet,  as  far  back  as  1873, 1 
understand  that  Mr.  Preece  experimented  with  the  Gramme 
machine  for  this  purpose,  but  found  it  too  unsteady  for  the 
Wheatstone  automatic  instruments. 

There  are  2,300  cells  of  battery  in  use  at  the  central  station  in 
London,  and  220  circuits  are  supplied  by  accumulators. 

Do  I  approve  of  the  telegraphs  being  owned  by  the  govern- 
ment i  In  a  monarchy,  whether  limited  or  absolute,  yes.  Because, 
the  government  is  permanent  and  usually  stable.  It  answers  well 
in  England ;  it  is  cheap  and  good.  But  does  it  pay  ?  Well,  if 
you  consider  that  the  agencies  of  a  government  should  be  ad- 
ministered for  the  people's  benefit,  I  think  it  does.  But  for  a 
republic,  at  least  one  like  ours,  in  which  radical  and  sweeping 
changes  of  administration  occur  at  frequent  intervals,  I  am 
clearly  of  the  impression  that  a  government  ownership  would  be 
an  unqualified  evil.  No  doubt  a  government  control  leads  to 
a  superabundance  of  red  tape;  to  the  ridiculously  excessive 
formalities  of  the  "  Circumlocution  Office ;"  and  to  extreme  con- 
servatism. It  also  acts  as  a  damp  sheet  upon  invention.  Yet  in 
spite  of  these  tendencies,  the  telegraphs  of  the  British  Isles  are, 
I  think,  on  the  whole,  better  managed  and  better  manned,  than 
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they  would  be  by  one  or  more  corporations  ;  and  the  question  of 
remunerativeneBs  seems  to  me  qnite  of  a  secondary  character, 
since  even  though  the  telegraph  department  be  not  profitable,  it 
seems  at  least  evident  that  the  people  are  enjoying  a  lower  rate 
than  they  would  under  other  circumstances  be  entitled  to  or 
receive. 

The  rigid  use  of  discipline  was,  however,  well  illustrated  in  an 
attempt  which  I  made  to  see  the  telegraph  oflSce  at  Birmingham, 
but  where  I' was  told  that  they  would  have  to  write  to  London 
for  permission  to  allow  my  visit.  I  could  not  wait  the  exchange 
of  correspondence  and  thus  have  not  as  yet  seen  the  telegraph 
office  there.  It  seems  the  telegraph  department  does  not  use  its 
wires  at  all  on  office  business,  but  employs  the  mail  altogether, 
the  wires  being  reserved  exclusively  for  paid  business. 

ELECTRIC   LIGHTING. 

From  my  point  of  sight  as  an  electrical  engineer  I  was  dis- 
*appointed  to  find  that  electric  street  lighting  was,  comparatively 
speaking,  still  a  thing  of  the  future  nearly  all  over  the  Kingdom. 
Not  that  electric  lighting  is  not  being  done,  but  that  so  little  of 
what  can  be  done  is  seen.  Instead  of  having  electric  illumination 
all  around  you  as  we  have  it,  we  have,  so  to  speak,  to  hunt  up 
installations. 

There  are  a  number  of  central  station  plants  in  London,  but 
London  is  an  immensity  and  might  contain  many  more,  and  yet 
electric  lighting  would  be  conspicuous  by  its  paucity.  You  may, 
for  example,  walk  through  Holborn  and  Oxford  streets  and  see 
lines  of  glorious  shops  lighted  electrically ;  you  may  go  to  Gros- 
venor  gallery  and  watch  the  historical  illumination  there ;  and 
you  may  at  various  factories  see  that  the  electric  light  is  for  this 
class  of  work  being  extensively  employed. 

The  Great  Western  Railway  station  at  Paddington  is  lighted 
up  by  100  arc  lamps  and  an  infinity  of  incandescent  hairpins ; 
and  many  seaside  resorts  know  of  the  electric  light ;  while  at 
Glasgow  and  Liverpool  are  central  lighting  stations  of  high 
capacity,  but  in  spite  of  all  this,  you  cannot  help  forming  and 
bringing  home  the  impression  that  there  has  been  but  little  done 
in  comparison  with  the  immense  amount  which  remains  undone 
in  this  branch  of  electrical  application.  The  truth  is  that  the 
British  public  seems  to  have  had  a  surfeit  of  electric  lighting 
companies  at  an  early    date,  with  all  that  an  electric  lighting 
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company  implied  in  the  years  1878  to  1882,  and  has  of  late  years 
had  no  wish  to  take  a  second  dose. 

As  a  telephone  electrician,  I  felt  disposed  to  congratulate  the 
telephone  and  telegraph  people  that  they  had  escaped  the  horrors 
of  burned  out  central  stations  and  disturbed  circuits. 

Such  lighting  companies  as  may  hereafter  undertake  to  occupy 
this  field  are  also  to  be  congratulated  that  they  will  have  the 
several  years'  experience  of  others,  and  all  of  the  many  improve- 
ments which  have  been  produced  in  apparatus  and  insulation  to 
profit  by.  I  think  that  municipalities  in  England  will  them- 
selves shortly  take  up  this  matter.  In  no  case,  I  am  sure,  will 
"  undertakers'  wire  "  or  the  reckless  class  of  construction  which 
we  have  too  oft  n  seen  in  this  land  of  liberty  be  tolerated. 

Isolated  house  lighting,  is  however,  well  advanced.  Inquiries 
which  I  made  proved  that  this  branch  of  incandescent  electric 
lighting  which  has  overflowed  upon  the  steamships  and  boats  is 
very  popular.  In  the  several  examples  of  it  which  came  under 
my  personal  notice,  the  electricity  is  drawn  from  secondary  bat- 
teries, which  are  during  the  day  charged  by  a  dynamo. 

I  had  the  happiness  of  dining  with  W.  H.  Preece,  at  his  house 
at  Wimbledon,  and  of  examining  his  lighting  plant.  He  uses 
the  secondary  cells  of  the  Electrical  Power  Storage  Company. 
The  plates  are  formed  of  a  leaden  grid,  the  perforations  of  the 
positive  plate  being  filled  originally  with  minium,  while  those  of 
the  negative  plate  are  filled  with  litharge.  The  charging  dynamo 
was  run  by  a  gas  engine,  and  Mr.  Preece  informed  me  that  it  cost 
him  exactly  as  much  for  gas  as  it  did  when  he  used  gas  for  illu- 
minating purposes,  while  he  had  a  much  greater  amount  of  light. 
I  am  bound  to  state,  that  in  my  opinion,  the  light  was  superb, 
being  apparently  softer  and  more  equable  than  when  obtained 
directly  from  the  dynamo. 

While  upon  this  subject  I  may  state  that  I  also  had  the  pleas- 
ure of  inspecting  the  beautiful  laboratory  arid  workshop  of  Sir 
David  Salomons,  at  Broomhill,  Tunbridge  Wells.  Sir  David  is  a 
wealthy  amateur  who  has  made  the  realm  of  secondary  batteries 
peculiarly  his  own,  and  who  has  written  a  textbook  on  their  con- 
struction and  care,  which,  if  not  absolutely  faultless,  is  certainly 
the  most  useful  and  practical  work  on  the  subject  in  existence. 
He  has  a  pair  of  fine  compound  steam  engines  and  several  dyna- 
mos, these  being  connected  with  the  prime  motors  by  leather 
link  belts  of  American  manufacture.  i    ^^^\^ 
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A  great  number  of  storage  oellB,  several  handred  I  should 
judge,  and  in  prime  condition,  are  located  in  a  side  room,  floored 
with  glazed  tile,  the  entire  floor  sloping  to  one  side  for  purposes 
of  drainage.  In  the  machine  shop  I  saw  some  of  the  finest 
machine  tools  that  my  eyes  have  ever  fallen  upon,  lathes,  drills, 
planers,  shapurs  and  po  forth,  and  it  was  particularly  noticeable 
that  each  machine  was  provided  with  its  own  electromotor.  All 
of  the  motors  were  of  the  Elwell-Parker  make.  Upon  a  shelf  in 
the  laboratory  office  were  a  few  well-chosen  books,  among  which 
1  noticed  the  last  bound  volume  of  the  proceedings  of  this 
Institute. 

Sir  David  uses  these  motors  for  every  conceivable  purpose, 
furnishing  electric  light  and  power  for  his  entire  establishment, 
and  while  I  was  there,  electricity  was  employed  in  making  butter. 
If  an  electrician,  whose  heart  is  in  his  work,  is  ever  justified  in 
cherishing  envy  in  his  bosom,  it  is  when  visiting  such  a  place  as 
that  of  Sir  David  Salomons,  and  he  has  my  heartiest  acknowledg- 
ments for  the  kind  way  in  which  he  allowed  me  to  inspect  the 
same,  though  himself  absent. 

I  saw  throughout  my  travels  little  in  the  motor  line,  except 
those  to  which  I  have  referred,  but  I  am  informed  that  the  use 
of  electromotors  in  Britain  is  already  great,  and  is  rapidly 
increasing. 

TELEPHONY. 

The  chief  Centers  of  good  work  in  telephony  are  Dundee, 
Glasgow,  Liverpool,  London,  Edinburgh,  Manchester  and  Bir- 
mingham. The  fact  that  I  mention  Birmingham  last,  shows 
that  no  attempt  at  classification  has  been  made.  I  could  not  in- 
spect the  Liverpool  central  station  as  I  happened  to  be  there  only 
during  holidays,  when  the  authorities  were  all  absent,  and  for 
lack  of  time  I  was  unable  to  visit  Manchester  at  all,  but  I  saw  a 
good  deal  of  the  Liverpool  outside  construction,  and  I  heard 
enough  about  Mandi  ester,  to  assure  myself  that  the  installation 
was  par  excellence. 

Many  of  you  will  be  aware  that  three  of  the  principal  tele- 
phone companies  in  England,  viz.,  the  United,  the  National  and 
the  Lancashire  and  Cheshire,  have  recently  joined  their  forces 
under  the  name  of  the  National  Telephone  Company,  Limited. 

This  company  has  now  taken  charge  of  the  London  Exchange, 
where  I  was  rather  surprised  to  find  that  there  were  already 
more  than  7,000  subscribers.  ,  , 
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There,  nearly  all  lines  were  built  over  the  hougetops,  with 
tabular  iron  fixtures  of  a  construction,  beautiful  and  light  and  yet 
strong.  A  very  peculiar  feature  of  this  London  construction 
was  that  the  wires  of  a  route  were,  as  a  rule,  all  strung  in  a 
vertical  plane,  there  being  very  few  cross-arms.  This  made  a 
•  very  symmetrical  appearance,  bat  it  struck  me  that  it  was  hardly 
a  sufficient  utilization  of  a  route,  or,  as  the  Britons  say,  of  the 
"  way  leave."  This,  however,  was  the  work  of  the  United  Com- 
pany, and  I  think  was  not  in  accordance  with  the  judgment  of 
the  engineer  of  that  company,  who  remains  in  the  same  capacity 
with  its  successor. 

The  post  office  department  charges  the  telephone  companies  a 
regular  royalty,  it  having  been  legally  decided  that  the  telephone 
is  a  "telegraph"  within  the  meaning  of  the  statute.  The  post- 
master-general apparently  does  not  like  the  action  of  the  com- 
panies in  uniting,  although  none  of  them  were  competitive,  but 
all  working  in  distinct  territories.  There  is  no  doubt,  however, 
that  he  fears  that  the  capitalization  will  unnecessarily  enlarge 
and  will  be  a  big  bite  for  the  government  mouth  whenever,  and 
if  ever,  purchase  may  be  decided  upon. 

It  does  not  seem  to  be  likely  that  the  postmaster-general  will 
take  any  steps  to  harass  the  companies,  nor  do  I  believe  that  the 
post  office  telegraph  department  will  care  for  a  long  time  to  come 
to  trouble  itself  with  telephony,  and  it  is  my  opinion  that  the 
remaining  telephone  companies  will  soon  in  turn  be  absorbed  or 
otherwise  united  with  the  JSTational  Company. 

Long  line  telephone  work  in  Great  Britain  is,  of  course,  limited 
by  the  size  of  the  island  and  by  the  peculiar  relative  position  of 
the  large  towns.  I  found  very  good  talking  between  Birmingham 
and  the  several  towns  of  Sheffield,  Derby  and  Nottingham ;  be- 
tween Glasgow  and  Edinburgh  and  Dundee ;  and  especially  fine 
from  Sunderland  to  points  upward  of  a  hundred  miles  distant. 
For  these  latter  distances  circuits  had  to  be  artificially  made  up. 
In  London  there  are  necessaiily  many  central  telephone  stations. 
No  one  who  has  not  seen  and  studied  London  can  form  an  idea 
of  its  vastness,  and  by  reason  of  this  vastness  there  will  always 
be  (notwithstanding  the  manifest  excellencies  of  centralization)  a 
plurality  of  central  stations  connected  by  trunk  lines,  mainly  con- 
verging to  a  principal  trunk  station,  but  supplemented  by  a  suffi- 
cient number  of  trunks  between  such  central  stations  as  are 
ad ja^lient  to  each  other.    Yet  I  should  say  that  there  are  at  present 
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too  many  central  stations  and  that  thej  are  too  close  together? 
and  I  am  under  the  impression  that  the  present  management 
thinks  so,  too,  and  will  condense  closely  grouped  central  offices 
considerably. 

In  Scotland  I  found  a  regular  multiple  switch-board  in  the 
Glasgow  central  station,  which  was  the  most  American  looking 
central  station  which  I  have  seen  anywhere.  In  Glasgow,  also, 
a  ''  nickel  in  the  slot  "  toll  box  has  been  devised,  and  is  largely 
used  at  public  stations,  a  penny  or  a  certain  number  of  pennies 
being  the  local  charge,  and  a  sixpence,  or  more,  the  trunk  line  or 
out  of  town  charge.  The  operator  can  tell  by  peculiar  sound 
signals  automatically  given  by  the  passage  of  a  coin  or  coins 
whether  the  prop'^r  amount  is  dropped  in,  and  if  not,  the  machine 
simply  absorbs  what  has  been  put  in  and  does  not  grant  the  de- 
sired accommodation.  Regular  subscribers  have  a  check  key 
which  operates  the  apparatus  without  requiring  the  electro- 
deposition  of  a  coin.  This  machine  is  well  spoken  of,  and  is  said 
to  give  satisfaction.  In  some  other  parts  of  England  these  boxes 
are  also  used,  and  non-subscribers  to  the  exchange  may  purchase 
a  local  check  key  for  the  purpose  of  using  at  any  time  the  public 
station  without  having  to  pay  every  time.  It  may  be  of  interest 
to  state  that  at  every  railway  station  in  England  the  ^t  nickel  in 
the  slot,"  or  rather  the  "  copper  in  the  slot "  machine,  applied  to 
a  variety  of  uses,  is  to  be  found.  The  weighing  machine  is  the 
most  popular,  but  the  electrical  shocking  machine  is  a  close 
second. 

The  best  working  long  lines  which  I  found  were  without  doubt 
those  belonging  to  the  Northern  District  Telephone  Company. 
This  company  is  in  charge  of  0.  B.  Clay,  of  Sunderland :  the 
lines  are  new  and  are  built  of  the  latest  model. 

In  Newcastle,  all  lines,  both  telegraph  and  telephone,  which 
are  owned  by  the  government,  are  underground.  They  work 
very  well,  and  the  government  telephone  system  there  is  ably 
managed  by  A.  W.  Heaviside,  who  based  his  telephone  exchange 
upon  a  pro-telephone  exchange,  actually  existing  in  Newcastle, 
and  operating  dial  telegraphs  long  before  the  telephone  exchange 
was  thought  of,  or  the  telephone  itself  invented. 

The  National  Telephone  Company  is  fortunate  in  having  such 
men  as  Messrs.  Bennett,  Coleman,  Jackson,  Phillips,  Sinclair, 
and  as  far  as  possible  employs  men  trained  by  previous  education 
and  experience  to  be  equally  efficieiit  in  a  business  and  technical 
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As  to  electrical  construction  outside,  I  may  say  without  hesita- 
tion, that  the  average  is  far  above  ours,  whether  telegraphic,  tele- 
phonic or  otherwise.  The  poles  are  no  longer  than  are  necessary, 
are  uniformly  well  trimmed  and  painted,  and  above  all  are  well 
stayed.  Mile  after  mile  1  have  ridden  on  a  railway  both  in  Eng- 
land ancl  on  the  Continent  and  found  every  pole  ''  stayed,"  or  as 
we  would  say  '*  guyed."  The  cross-arms  are  usually  short,  and 
project  alternately  a  greater  distance  to  one  side  or  the  other — 
that  :s,  the  upper  cross  arm  may  carry  two  insulators  on  the  right 
side  of  the  pole  and  but  one  on  the  left,  while  the  next  will  reverse 
that,  two  being  on  the  left  and  one  on  the  right,  and  so  on.  The 
telephone  companies  had  much  housetop  construction,  but  the 
same  system  of  staying  prevailed,  so  that  the  construction  was 
superb,  even  though  the  roofs  were  all  of  the  pitched  variety. 
In  Sunderland  only,  and  the  other  towns  where  the  Northern 
District  Telephone  Company  holds  sway,  are  to  be  found  long 
cross-arms  a  la  American,  the  idea  having  being  imported  by  Mr. 
Clay,  who  visited  the  United  States  a  year  or  two  ago,  and  who 
is  a  manager  of  the  most  progressive  type. 

In  Edinburgh,  though  nearly  all  wires  were  overhead,  they 
were  so  symmetrically  arranged  as  to  be  hardly  noticed.  A.  R. 
Bennett,  who  is  general  manager  of  the  Edinburgh  district,  looks 
also  after  Dundee,  Galashiels,  Dumfries  and  many  other  towns. 
The  above  remarks  apply  alike  to  the  government  construction 
in  Great  Britain,  France  and  Belgium,  and  to  the  construction 
of  telephone  companies. 

The  only  underground  telephone  line  work  which  I  found  was 
the  well  known  Paris  sewer  work  and  the  government  telephone 
exchange  wires  at  Kewcastle-upon-Tjne ;  but  the  National  Tele- 
phone Company  is  beginning  to  lay  some  underground  wires  in 
Birmingham. 

At  Birmingham  I  also  noticed  some  little  pole  work,  and  it 
was  both  amusing  and  instructive  to  see  that,  wherever  possible, 
the  poles  were  modestly  planted  close  to  the  gable  end  of  a  block 
of  buildings,  or  inside  of  a  high  fence,  or  in  the  comer  of  a  vacant 
lot,  so  as  to  attract  as  little  notice  as  possible. 

I  found  that  silicon  bronze  wire  was  well  thought  of  through- 
out the  several  territories  which  I  visited,  and  in  general  use.  It 
can  be  made  of  a  conductivity  nearly  as  high  as  copper,  while  it 
is  tougher ;  and  it  is  much  better  for  telephone  work  than  iron, 
because  not  only  is  the  conductivity  higher  but  it  possesses  a 
much  lower  co-efficient  of  self-induction.  digitized  by  dOOg Ic 
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One  telephone  span  I  saw  in  the  south  of  England  crossing  the 
opening  of  the  Dartmouth  harbor,  which  was  certainly  not  much 
less  than  half  a  mile  in  length.  I  venture  the  prophecy  that  in 
the  near  future  we  shall  use  silicon  bronze  here  in  the  United 
States  much  more  than  heretofore  we  have  done. 

In  France  I  visited  of  course  the  Exposition,  and  met  Messrs. 
Abdank-Abakanowicz  and  Berthon,  both  old  friends.  The  finest 
electrical  affair  about  the  Exposition,  to  my  mind,  was  the  way 
in  which  the  great  fountain  was  illuminated  in  kaleidoscopic 
colors  every  night.  This  has,  of  course,  often  been  done  before, 
but  never,  I  think,  so  perfectly  or  on  such  a  scale.  The  success 
of  the  installation  is  due  to  Mr.  Aylmer,  who  has  had  it  in  charge. 

I  stood  in  the  tower  and  admired,  and  then  I  went  down 
through  the  tunnels  and  stood  beneath  the  fountain,  where  the 
arc  lights  were  reflected  through  colored  screens  and  through 
the  plate  glass  floor,  and  marveled  and  admired  still  more,  es- 
pecially when  I  saw  how  the  levers  arranged  in  the  tower  like 
those  of  the  Pennsylvania  railway  signal  tower,  worked  pneu- 
matically the  screen  mechanism  below,  and  kept  an  ever-chang- 
ing succession  of  beautiful  colors  upon  the  different  fountain  jets ; 
and  all  this  apparently,  so  far  as  the  crowd  could  see,  working 
itself;  for  there  was  no  manifest  link  between  the  operating 
tower  and  the  fountain. 

The  Exposition  telephone  station,  as  arranged  by  L.  Berthon, 
was  a  sight  in  itself,  with  its  multiple  switch-board,  its  closets 
for  private  communication,  its  samples  of  fine  electrical  ap- 
paratus made  by  the  Societe  Generale  des  Telephones,  and  its 
apparatus  and  circuit  arrangements  for  receiving  operatic  per- 
formances and  re-issuing  them  for  the  delectation  of  numerous 
auditors. 

Long  telephone  lines  stretch  from  Paris  to  Havre,  Lille, 
Bruxelles,  Lyons  and  Marseilles,  and  work  admirably.  These 
are  cliiefly  of  copper  and  are  arranged  in  metallic  circuits. 

Mr.  Berthon,  the  managing  engineer  of  the  Societe  Generale 
des  Telephones,  told  me  that  his  company  while  sparing  no  effort 
to  keep  up  its  efficiency,  had  for  some  little  time  been  resting  on 
its  oars  in  view  of  the  possible  purchase  of  its  telephone  property 
by  the  government.  And,  as  you  are  aware  the  government  has 
since  decided  to  acquire  this  property,  and  has  in  fact  taken  pos- 
session of  it,  which  action,  I  believe,  to  be  an  unfortunate  one, 
alike  for  the  government,  the  society  and  the  people.  ^ 
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Of  course  the  great  Edison  exhibit  with  its  9,000  feet  of  floor 
space  was  a  tremendous  affair ;  and,  although  it  would  naturally 
impress  the  observer  without  any  extraneous  aid,  it  is  fair  to  say 
that  its  merits  were  literally  hammered  into  the  visitor's  mind  by 
the  able  enthusiast  who  had  it  in  charge. 

This,  together  with  the  surprisingly  fine  exhibit  made  by  the 
Thomson-Houston  company  in  association  with  the  Thomson 
Electric  Welding  company,  and  also  the  unique  historical  exhibits 
made  by  the  American  Bell  Telephone  company,  fully  redeemed 
the  electrical  section  from  any  pai-ticipancy  in  the  otherwise  too 
true  charge  that  the  share  of  America  in  the  great  exposition  was 
comparatively  insignificant. 

The  compound  engines,  built  by  Messrs.  Davey,  Paxraan  &  Co., 
of  Colchester,  England,  to  run  the  dynamo  for  lighting  the  foun- 
tain tower,  and  exhibition,  were  an  interesting  sight  to  me.  I 
was  delighted  to  watch  their  fine  and  speedy  regulation  as  the 
requirements  varied.  The  young  man  who  was  running  them, 
was  a  rising  electrician,  H.  D.  Wilkinson,  the  same  who  succeeded 
Mr.  Kennelly  in  the  authorship  of  the  series  of  electrical  measure- 
ment articles  lately  published  by  the  London  Electricia/n, 

Mr.  Wilkinson,  believing  it  right  to  give  himself  a  practical 
intimacy  with  all  branches  of  electrical  engineering*  was  taking 
this  method  of  doing  so,  and  illustrating  the  English  tendency  to 
carry  out  to  the  fullest  extent  the  scriptural  maxim  ^^  Whatsoever 
thy  hand  findeth  to  do,  do  it  with  thy  might." 

I  was  favored  by  Messrs.  Siemens  Bros.  &  Co.,  by  permission 
to  visit  their  works  at  Charlton,  Woolwich.  There  I  found  active 
work  going  on  in  all  branches  of  electrical  manufacture,  but  the 
most  new  and  interesting  feature  to  me  was  the  submarine  cable 
work  which  I  witnessed  in  various  stages.  This  I  could  not  avoid 
reflecting,  is  the  one  branch  of  electrical  work  in  which  Britain 
is  practically  without  competition.  Here  I  met  Frank  Jacob,  the 
electrician  of  the  Siemens  company ;  a  remarkably  able  and  in- 
telligent man,  and  the  inventor  of  one  of  the  earliest  systems  of 
multiple  telephony  and  combined  telephony  and  telegraphy.  A 
most  interesting  feature  of  the  Siemens  works  is  the  testing  room,, 
where  every  foot  of  cable  is  tested  during  the  process  of  manu- 
facture. Immediately  across  the  river  and  thus  an  opposition 
physically  as  well  as  commercially,  is  the  rival  cable  establishment 
of  Silvertown. 

Speaking  of  manufactories,  brings  to  mind  that  the,tendenGv 
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of  the  British  bnsinees  public  to  consolidatioDB  (or  amalgamation 
8s  it  is  mercurially  termed),  after  having  swept  over  all  the 
breweries,  distilleries  and  gas  companies  within  reach,  and  after 
having  touched  the  telephone  companies,  is  now  exerting  itself 
upon  the  electrical  manufacturing  interests,  as  evidenced  bj  the 
fact  that  all  of  the  storage  battery  companies  and  electric  railway 
companies  have  amalgamated  to  form  ^^  The  Electric  Construc- 
tion Corporation,  Limited,"  and  that  the  various  Woodhouse  and 
Rawson  manufacturing  companies  have  also  consolidated  into  a 
large  joint  stock  corporation. 

While  in  Birmingham,  and  engaged  in  visiting  the  local  lions, 
I  went  to  see  Aston  Hall,  the  free  museum  of  the  town.  In  one 
of  the  many  interesting  rooms  there,  I  observ^ed  on  exhibition, 
an  old  fashioned  large  magnetic  machine  designed,  as  an  inscrip- 
tion thereon  informed  me,  for  use  in  electroplating.  Upon 
•close  inspection,  I  found  it  to  be  the  first  magneto  machine 
«ver  designed  for  that  purpose;  namely,  that  made  and  pa- 
tented in  1842  by  Stephen  J.  Woolrich.  This  machine  was 
presented  to  the  museum,  by  Thomas  Prime  &  Son,  electro- 
metallurgists  of  Birmingham. 

Passing  through  the  cathedrals  and  abbeys  of  Great  Britain, 
my  bosom,  like  that  of  Sir  Joseph  Porter,  K.  C.  B  ,  swelled  with 
pride,  to  note  how  these  buildings  and  their  precincts  were  made 
into  a  species  of  mundane  Valhalla,  where  the  worthies  of  the 
nation,  distinguished  in  war,  science  or  literature  were  inunort 
alized,  and  their  memories  treasured,  for  the  example  and 
encouragement  of  their  countrymen,  and  as  a  mark  of  apprecia- 
tive acknowledgment  of  their  services  rendered  to  their  country. 

In  Westminister  Abbey  I  remarked  the  tombstone  of  William 
Spottiswoode,  electrician  and  philosopher ;  while  in  the  abbey 
and  churchyard  of  MelrOse,  I  noticed  respectively  the  graves  of 
Michael  Scott,  and  Sir  David  Brewster,  one,  the  friend  of 
True  Thomas  the  Rhymer,  of  Ercildoun,  and  the  scientist  par 
excellence  of  the  fourteenth  century ;  the  other,  one  of  the  most 
fortunate  wizards  of  the  nineteenth  century ;  Michael  in  his  day 
was  called  a  "  wizard,"  but  would  probably  now  be  called  an 
electrician. 

In  conclusion,  I  desire  to  say  that  the  cordial  and  fraternal 
manner  in  which  everywhere  1  was  received  by  electricians,  and 
by  those  interested  in  electrical  development,  and  the  hearty  hos- 
pitality which  I  received,  merit  and  receive  on  my  part  the 
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prof oundest  appreciation  and  the  warmest  reciprocal  feelings  of 
kindliness.  Never  from  the  moment  that  I  set  my  feet  on 
European  shores,  nntil  the  moment  of  my  departure,  had  I  any 
need  to  feel  that  I  was  a  stranger  in  a  strange  land. 


DISCUSSION. 


The  Chairman  (Mr.  Franklin  L.  Pope)  i  We  have  listened 
with  much  pleasure,  not  unmixed  I  hope  with  profit,  to  Mr.  Lock- 
wood's  interesting  paper.  In  no  way  is  there  more  to  be  learned 
than  by  comparing  with  our  own  work,  that  which  has  been  done 
in  other  countries,  by  men  who  are  working  out  these  problems 
on  their  own  lines  and  under  different  conditions.  By  what  Mr. 
Lockwood  has  said  about  the  English  telegraph  service,  I  am 
reminded  of  one  or  two  features  of  it  which  struck  me  as  being 
exceedingly  convenient.  One  of  them  is  the  method  of  prepay- 
ing the  telegrams  by  stamps.  The  rate  is  sixpence  for  twelve 
words,  counting  the  address  and  signature.  Each  additional 
word  is  a  halfpenny  and  the  ordinary  postage  stamps  are  used 
indiscriminately  for  letters  and  telegrams.  The  convenience  of 
this  appears,  as  it  4id  to  me  two  or  three  times,  when  traveling  a 
long  distance  on  an  express  train  which  sometimes  does  not  stop 
for  two  or  three  hours.  Having  occasion  to  send  a  telegram  for 
some  one  to  meet  me  at  a  point  ahead  I  have  written  my  message 
while  on  the  train,  put  stamps  on  it,  wrapped  up  three  or  four 
coppers  with  it  for  "  backsheesh,"  and  thrown  it  off  at  a  way  sta- 
tion ;  and  I  have  always  found  that  it  was  dispatched  and  received 
in  due  time  at  the  point  of  destination  That  is  a  very  great  con- 
venience. There  is  another  feature  that  will  strike  our  people  as 
a  little  curious,  and  that  is  that  in  English  telegraphing  there  are 
no  dead-heads.  If  Mr.  Preece  sends  a  telegram  he  has  to  put 
stamps  on  it,  and  if  Queen  Victoria  sends  a  message,  she  also  has 
to  put  stamps  on.  Office  messages  are  sent  by  mail  and  paid  by 
postage  stamps. 

Mr.  Lockwood  has  referred  to  the  construction  in  England,  and 
the  careful  manner  in  which  the  poles  are  stayed.  That  is  very 
largely  due  to  the  costliness  of  timber,  rendering  it  necessary  to 
use  light  sticks  of  timber  where  we  would  use  heavy  ones,  and 
stiffening  them  with  stays,  so  that  the  general  appearance  of  their 

Digitized  by  VjOOQIC 


426       ELECTRICAL  NOTES  OF  A  TRANSATLANTIC  TRIP. 

lines  is  a  very  large  proportion  of  wires  and  insulators  to  a  very 
small  allowance  of  pole.  It  gives  them  a  rather  neater  appear- 
ance than  ours  in  some  respects,  but  I  doubt  whether  it  is  much 
more  substantial,  although  there  is  no  question  that  the  fastening 
of  the  wires  and  of  the  insulators  is  much  more  substantial  than 
ours,  and  that  is  particularly  the  case  on  the  continent. 

Dr.  Allan  V.  Garbatt  : — Mr.  Lockwood  has  spoken  of 
the  excellence  of  construction  in  England.  We  have  heard 
through  the  English  journals  from  time  to  time  in  regard  to  the 
rules  and  requirements  enforced  there.  If  Mr.  Lockwood  would 
kindly  tell  us  about  the  system  of  inspection  for  inside  elec- 
tric light  wires  in  England,  and  the  conflicts,  if  any,  between  the 
insurance  and  the  electric  light  people,  it  would  be  interesting 
and  instructive. 

Mb.  T.  C.  Mabtin: — With  regard  to  that  very  interesting 
topic  suggested  by  Dr.  Qarratt,  I  think  we  might  have  some 
light  thrown  on  the  subject  by  a  gentleman  here  this  evening, 
and  known  to  a  great  many  of  us  by  his  extremely  able  and  lucid 
writings.  I  refer  to  Mr.  G.  L.  Addenbrooke,  of  England.  That 
gentleman  is  now  on  his  way  home  from  Australia,  where  he 
has  been  engaged  in  putting  in  several  plants  on  steamers.  He 
has  been  associated  with  Mr.  Ferranti  in  London  in  a  large  portion 
of  his  work  there.  I  know  of  no  more  interesting  work  at  the 
present  time  than  that  which  Mr.  Ferranti  is  doing.  It  tran- 
scends in  many  respects  anything  we  have  done  or  contemplate 
doing,  and  the  experience  derived  from  it,  I  think,  would  be  ex- 
tremely valuable  to  us.  I  think  Mr.  Addenbrooke's  experience 
in  operating  the  station  at  the  Grosvenor  GhiUery,  and  also  from 
running  the  overhead  circuits,  in  the  streets,  might  be  profited  by 
in  this  city,  and  regarding  which  various  statements  have  recently 
been  made  with  more  or  less  truth.  But  before  Mr.  Adden- 
brooke favors  us  in  that  way  I  would  like  to  call  attention  to  one 
extraordinary  omission  from  the  paper.  It  is  probably  due  to  the 
fact  that  there  was  no  information  obtainable.  I  refer  to  the  fact 
that  there  is  no  mention  in  the  paper  of  electric  railroading. 
At  the  present  time  in  this  country  we  have  in  something  over 
100  cities,  counting  roads,  branches  and  extensions,  179  electric 
railways.  By  the  end  of  the  year  they  will  operate  some  1,200 
miles  of  track.  Over  that  track  will  run  something  like  1,800  to 
2,000  cars.  In  view  of  the  fact  that  we  have  such  an  extension 
here,  and  that  it  meets  with  such  universal  approval ;  and  that  Mr. 
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Lockwood  with  all  liis  keen  observation — and  we  know  liim  to  lie 
a  most  observing  man — should  have  seen  nothing  of  the  kind 
whatever  to  arrest  his  notice  or  attention  in  England,  is  some- 
thing phenomenal,  and  it  would  be  interesting  to  know  what 
causes  that.  Does  the  difference  lie  in  conservatism  ?  Does  it  lie 
in  local  conditions  altogether  apart  from  national  temperament  ? 
Does  it  lie  in  the  obstructiveness  of  the  local  authorities?  Does 
it  lie  in  the  caution  of  capital,  or  what  ?  What  is  the  reason  ? 
There  must  be  some  reason  and  even  if  it  be  a  bad  one,  there 
probably  is  an  argument  to  offer  for  it. 

Another  very  interesting  point  in  the  paper,  was  the  use  of 
stationary  motors.  Mr.  Lockwood  said  that  he  understood  the 
use  of  such  motors  to  be  on  tlie  increase  in  England.  1  have  bren 
at  some  pains  to  ascertain  whether  that  is  a  fact,  and  I  cannot  find 
'^hat  the  use  of  such  motors  is  very  largely  increasing,  and  the 
reason  seems  to  be  there  are  no  stations  to  supply  the  current,  and 
naturally  there  are  no  motors.  But  an  explanation  has  recently 
been  offered  by  Mr.  Van  Rysselberghe  of  Belgium.  It  is  pro- 
posed at  the  present  time  to  introduce  electric  lighting  pretty 
extensively  in  Brussels,  but  Mr.  Van  Rysselberghe  seems  to  think 
there  is  no  use  for  a  central  station.  In  his  opinion  everybody 
who  wants  the  electric  light  should  generate  the  current  him- 
self and  supply  himself,  and  for  that  reason  in  place  of  a  central 
station,  as  we  know  it  in  America,  he  proposes  to  put  in  hydraulic 
motors  to  drive  independent  plants,  these  hydraulic  motors  to 
be  worked  by  the  high-pressure  hydraulic  service  of  the  city. 
Mr.  Van  Rysselberghe,  in  explaining  his  system  recently,  said 
that  he  did  not  think  there  was  any  reason  at  all  for  the  intro- 
duction of  the  electric  motor  on  the  Continent;  that  the  European 
consumer  wanted  something  simpler  than  the  electric  motor. 
How  he  would  get  it,  I  find  it  hard  to  conjecture,  but  such  he 
said  to  be  the  case.  I  have  listened  with  a  great  deal  of  interest 
to  Mr.  Lockwood's  paper,  and  would  be  very  glad  indeed  if  he 
could  give  us  light  upon  one  or  two  of  these  point«  which  I  have 
suggested.  I  would  suggest  that  Mr.  Addenbrooke's  experience 
with  regard  to  the  work  in  connection  with  the  Ferranti  installa- 
tion in  London  is  of  the  most  interesting  and  valuable  nature ; 
and  now  that  the  Deptford  station  is  going  into  operation,  and  is 
a  practical  development  of  the  results  obtained  at  the  Orosvenor 
Gallery,  I  think  it  would  interest  us  to  know  what  he  has  done 
the:^  himself. 

Digitized  by  VjOOQIC 


428        BLBOTRWAL  NOTE  08F  A  TRAN8ATLANT1C  TRIP. 

Mr.  G.  L.  Addenbbookb  : — I  should  be  only  too  glad  to  say 
anything  that  I  can,  premising  my  remarks  with  the  statement 
that  I  have  been  away  from  England  very  nearly  a  year,  chiefly 
in  Australia,  and  that  I  came  here  to  find  ont  what  they  had  been 
doing  in  England.  I  rather  came  here  to  hear  the  latest  news 
than  to  be  able  to  say  anything  myself.  It  is  a  great  pleasure  to 
have  heard  Mr.  Lockwood  speak  so  appreciatively  of  the  over- 
head work  in  England.  We  have  felt  satisfied  ourselves  that  our 
overhead  work  had  a  good  many  defects  in  it,  but  in  England 
we  look  a  great  deal  to  people  in  America,  and  Mr.  Lockwood 
having  such  thorough  experience,  and  speaking  so  well  of  what 
we  have  accomplished,  it  gives  us  a  great  deal  of  gratification, 
especially  as  I  happen  to  have  been  connected  with  the  work 
in  various  capacities  myself,  both  telephonic  and  electric  lighting. 
In  referring  to  overhead  electric  light  work  I  am  speaking  rather 
of  the  past  than  of  the  future,  because  I  think  your  are  aware 
the  commission  appointed  by  the  Board  of  Trade,  which  has 
lately  gone  into  the  whole  matter,  has  formed  a  set  of  regula- 
tions under  which  the  whole  of  the  electric  lighting  in  London  is 
to  be  placed  underground  as  soon  as  possible.  No  additional 
overhead  wires  are  allowed  to  be  placed,  except  such  as  may  be 
agreed  upon  between  the  inspectors  and  the  various  companies, 
and  the  central  station  companies  in  London  are  now  very  hard 
at  work  laying  down  mains.  However,  there  is  no  doubt  a  good 
deal  of  overhead  work  will  be  required  for  various  purposes, 
and  as  you  have  so  nmch  overhead  work  here  perhaps  it  might  be 
worth  while  to  explain  our  practice.  First  of  all,  we  have  not 
been  allowed  to  plant  posts  in  the  streets  at  all,  except  in  country 
roads.  Within  the  boundaries  of  towns  it  is  an  absolute  rule 
that  no  posts  can  be  fixed  in  the  streets.  If  we  want  posts  we 
must  put  them  in  people's  back  gardens  and  in  vacant  lots,  etc. 
Of  coarse  this  has  required  that  the  majority  of  posts  be  placed 
on  the  tops  of  the  houses.  In  foreign  towns  they  have  also  had 
to  go  on  the  tops  of  the  houses  very  largely.  They  have  adopted 
one  construction ;  we  have  adopted  another.  On  the  Continent 
most  of  the  roofs  have  a  very  steep  slope,  and  are  tiled  so  that 
it  is  quite  impossible  to  walk  on  them,  and,  of  course,  people  do 
not  put  up  stronger  roofs  than  they  can  help — only  strong  enough 
to  support  the  tiles  and  staad  the  wind,  but  not  strong  enough 
to  support  telephone  posts.  On  such  buildings  they  use  two  long 
pieces  of  timber,  and  form  what  they  call  a  horse.    That  con- 
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siBts  of  a  number  of  nprights  and  a  lot  of  cross  frames.  I  think 
you  have  some  of  them  here.  Nearly  the  whole  of  the  work  is 
done  in  that  way.  In  England  we  went  to  work  in  qnite  a  dif- 
ferent way.  As  Mr.  Lockwood  said,  it  is  not  nnnsual  in  London, 
at  any  rate,  in  overhead  work  on  houses,  to  have  wires  arranged 
horizontally  As  a  rale  there  is  but  a  single  span.  We  have 
first  of  all  what  we  call  a  chair.  That  is  an  iron  casting  weigh- 
ing from  fifty  to  sixty  pounds  that  goes  on  the  top  of  the  roof. 
From  this  rises  a  wrought-iron  tabular  pole.  These  tubes  are 
carefully  made  to  specification ;  they  are  about  three  inches  in- 
ternal diameter.  It  is  usual  to  put  up  a  pole  of  not  less  than  18 
feet,  but  they  range  as  high  as  thirty.  In  such  cases  as  the 
latter,  it  is  usual  to  have  two  or  three  poles,  one  inside  the 
other,  each  pole  having  a  collar  and  a  bolt  going  through.  These 
poles  are  simply  stayed  to  the  brickwork.  Heavy  spikes  are 
driven  into  the  brickwork,  and  it  is  rather  an  agonizing  process 
for  the  house  as  you  may  imagine,  but  somehow  men  have  a 
way  of  doing  it,  and  they  drive  spikes  eight  inches  long  into  the 
brickwork.  It  is  wonderful  how  the  masonry  stands  it.  I 
may  say  I  have  seen  some  very  large  cracks  occasionally.  The 
wall  itself  will  sometimes  split  out  in  the  plaster  joint.  Each  pole 
will  have  at  least  four  of  those  stays  under  ordinary  circum- 
<  stances,  and  then  of  course  it  has  to  be  stayed  in  accordance  with 
the  rules. 

When  I  came  to  America  and  saw  the  mass  of  wires  running 
in  all  directions,  it  reminded  me  of  what  we  call  the  early  days 
of  telephones  in  London,  and  we  had  so  many  faults  with  wires 
then  that  I  could  not  understand  how  things  worked.  So  I  looked 
about  me  and  I  find  apparently  the  difference  is  that  we  think 
nothing  of  a  span  of  120  yards.  Sometimes  in  telephone  work 
we  go  200  yards,  and  160  yards  is  considered  very  little  for 
a  span  of  wires.  Of  course  in  running  wires  that  distance 
there  is  a  very  considerable  amount  of  sagging,  and  in  a  wind 
they  are  liable  to  come  in  contact  with  each  other,  and  they  are 
also  apt  to  get  out  of  regulation ;  that  is,  wires  put  in  when  the 
weather  is  hot,  and  wires  put  in  when  it  is  cold,  and  brought  into 
unison,  will  get  out  of  unison  occasionally.  So  that,  perhaps, 
accounts  for  the  reason  why  you  are  able  to  run  such  a  mass  of 
wires  about  the  streets  and  yet  get  along  at  alL 

Then  we  come  to  another  point,  what  we  call  ^^  leading  in  " — 
that  is,  taking  the  wire  from  the  pole  to  the  office  of  the  sub- 
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scriber.  In  England  that  is  always  done  with  gutta-percha  cot- 
ered,  wire,  as  the  people  who  began  telephone  work  in  England 
were  those  who  had  had  experience  with  telegraphs.  This  wire 
costs  about  three  or  four  pence  a  yard.  It  has  a  thick  covering 
of  iirst-class  gutta-percha.  Of  course  this  insures  immunity  from 
fanlts  and  leakage,  and  it  is  in  some  cases  taped  and  in  some 
cases  braided.  But  if  it  is  taped,  it  is  very  strongly  taped,  and 
•  the  whole  thing  is  what  you  call  a  very  excellent  job. 

One  very  great  reason  why  tramways  perhaps  have  not  made 
more  advance  in  England  is  that  posts  are  not  allowed  in  the 
streets.  Perhaps  in  the  country  districts  they  might  be  allow^ed, 
but  without  a  lot  of  formalities,  etc.,  before  town  councils,  no 
leave  to  pnt  up  posts  will  be  given.  I  think  it  is  highly  probable 
it  will  come,  but  still  it  will  take  time.  On  the  other  hand,  not- 
withstanding what  has  been  said  -about  electric  railways  here,  I 
know  perfectly  well  you  have  nearly  a  thousand  miles  in  opera- 
tion. I  have  just  come  from  San  Francisco,  and  stopped  there 
some  days.  I  stopped  at  Denver  and  Salt  Lake  City,  and  at  Chi- 
cago, and  at  Pittsburgh,  and  at  Philadelphia,  and  i  have  been 
here  some  days.  At  each  of  these  places  I  have  done  all  I  conld 
to  see  electric  tramway  work.  I  happened  to  see  a  car  in  the 
distance  at  Salt  Lake  City.  They  were  putting  up  the  wires  in 
Pittsburgh.  I  was  kindly  shown  a  car  running  with  accumula- 
tors here  yesterday.  I  called  on  the  Sprague  Company,  and  they 
said  they  had  nothing  which  they  could  show  within  a  hundred 
miles  of  New  York,  so  that  although  you  have  a  great  deal,  yet 
your  country  is  so  large,  and  the  work  is  so  scattered  around,  that 
it  does  not  show  much,  and  I  think,  perhaps,  the  same  applies  to 
England.  We  certainly  haven't  got  anything  like  that  length  of 
track,  but  there  are  a  lot  of  little  tramways  running  about  there 
which  I  think  may  be  called  to  some  extent  the  pioneers  of  tram- 
way work.  For  instance,  there  is  the  Blackpool  tramway,  which 
has  been  running  several  years.  There  is  the  Portrush  tramway, 
in  the  north  of  Ireland,  which  I  think  was  the  first  electrical 
tramway  ever  erected.  There  is  a  small  tramway  running  along 
the  Brighton  Beach  which  has  been  very  popular  and  has  been 
running  six  years.  There  are  two  or  three  companies  in  Eng- 
land operating  experimental  lines  now  in  a  small  way,  and  cer- 
tainly without  going  out  of  your  way  to  see  them  you  probably 
would  not  succeed  in  doing  so. 

Passing  on  to  electric  lighting,  beginning  at  the  station,  at  the 
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Grosvenor,  we  were  working  with  2,500  volte,  and  the  dynamos 
were  so  perfectly  self-regalating,  at  the  period  I  was  there, 
and  with  the  load  they  had  on  them,  that  all  regulating  apph- 
ances  were  practically  unnecessary  beyond  a  sensitive  governor 
on  the  engine  and  perhaps  an  electric  governor  on  the  engine 
and  something  to  keep  the  exciter  in  order.  All  yon  have  to  do 
is  to  keep  your  dynamo  turning  round  at  the  same  rate.  The 
circuits  were  so  large  that  the  putting  on  of  lights  or  taking: 
them  off  practically  made  no  difference,  and  we  always  arranged 
things  in  such  a  way,  that  we  never  allowed,  if  we  could  pos- 
sibly prevent  it,  any  large  circuits  to  be  run  into  public  buildings 
or  theatres,  or  anything  like  that.  That  is  to  say,  we  always  con- 
trived that  not  more  than  50  or  60  lamps  should  be  turned  off  at 
the  same  time.  Of  course  a  man  going  around  a  building  could 
turn  off  four  or  five  switches,  but  while  he  was  doing  that  the 
engine  driver  would  have  a  chance  to  look  around.  The  circuits 
were  so  large  that  50  or  60  lights  on  or  off  practically  made  no 
difference,  and  most  of  the  regulation  was  simply  done  by  the 
en;i:ine  driver  controlling  his  engine.  Of  course  that  simplified 
matters  very  much. 

The  overhead  work  is  done  on  very  much  the  same  line  as 
teleplione  work,  only  the  poles  are  shorter ;  sometimes  they  are 
not  more  than  twelve  feet,  but  as  a  rule  they  run  to  eighteen 
feet.  Near  the  top  of  the  pole  is  a  clip,  and  an  insulator  is 
secured  to  this  by  a  strap  and  nut,  as  was  formerly  done  in  tele- 
phone work  From  liere  to  the  next  pole,  which  might  be  as 
much  as  loo  yards  away,  but  preferably  not  more  than  60 
or  70,  a  steel  suspender  of  seven  No.  14  gauge  wires  is  run,  and 
that  is  bolted  up  pretty  tight.  I  might  say  it  is  a  very  difficult 
task,  making  up  these  steel  suspenders — turning  the  things 
around  to  ntiake  a  good  tight  way-leave  job.  Below  this  there  was 
another  similar  insulator  and  to  this  the  cable  was  made  fast.  The 
cable  ran  below  the  suspender.  Most  of  the  main  circuit  cables 
were  nineteen  No.  15  gauge,  the  branches  being  about  seven  No. 
16's.  and  so  leading  off  to  seven  No.  20's,  or  something  like  that 
for  a  few  lights.  You  will  see  that,  first  of  all,  this  steel  sus- 
pender is  absolutely  insulated.  That  suspender  will  practically 
stand  almost  any  voltage  you  could  put  on  it.  The  cable  itself 
was  insulated  in  the  same  way.  Supposing  it  was  a  bare  wire 
there  was  always  three  inches  of  china  between  it  and  the  nearest 
earth.     These  cables  were  first  of  all  insulated  with  little  ebonite 

Digitized  by  VjOOQ IC 


482        ELECTRICAL  NOTES  OF  A  TRANSATLANTIC  TRIP, 

ringsy  by  wliich  they  were  Buspended,  having  a  little  split  ring 
which  allowed  them  to  ran  along  the  suspender.  Afterward 
Mr.  Ferranti  adopted  raw  hide  leather  thongs,  which  were 
slipped  over  the  cable.  The  cable  was  all  wound  up  on  a  barrel 
or  any  convenient  means.  This  cable  was  taken  up  to  the  pole, 
the  first  ring  put  on  and  the  cart  taken  to  the  next  pole.  If  you 
were  going  to  run  half  a  mile  of  cable  you  would  have  a  man 
to  almost  every  pole.  They  would  haul  the  cable,  the  men 
putting  on  the  rings  as  it  went  by.  Of  course  it  is  a  slow  process, 
but  it  is  fairly  satisfactory  when  it  is  done.  First  of  all,  you 
have  the  insulation  of  the  cable ;  secondly,  you  have  the  insula- 
tion due  to  the  raw  hide  thong ;  thirdly,  you  have  the  insulation 
due  to  the  sospender ;  so  that  altogether  you  are  fairly  safe.  Sup- 
posing that  suspender  goes ;  the  cable  at  first  is  bound  round  the 
insulator  quite  firmly  enough.  It  is  no  use  spending  a  lot  of 
money  on  insulation  and  getting  tests  in  a  test  room  if  you  spoil 
it  before  it  is  up.  But  in  this  case  these  insulations  were  due  to 
the  cable  that  was  wound  around  them  and  lapped  across  so  as  to 
avoid  as  far  as  possible  cracking  the  insulation  in  any  way. 
Therefore,  unless  the  pole  came  down  bodily,  there  was  not  much 
chance  of  an  accident  happening,  and  if  the  pole  came  down 
bodily,  this  insulation,  as  has  proved  to  be  the  case  in  more  than 
one  instance,  would  be  quite  sufficient  to  keep  everything  right 
until  the  fault  was  remedied.  There  is  another  advantage  in 
having  this  suspender.  Our  poles  were  usually  lower  than  tele- 
phone poles.  The  steel  suspender  the  telephone  people  were  at 
liberty  to  draw  their  wires  across  as  much  as  they  liked.  Occa- 
sionally they  would  get  a  wire  underneath,  and  when  it  was 
sagged,  haul  it  a  few  minutes,  but  they  soon  learned  to  leave  oflf 
doing  that.  Of  course,  working  with  the  alternating  current  and 
on  a  parallel  system  we  have  no  confusion  of  wires  such  as  there 
is  here.  A  single  circuit  was  generally  sufficient  for  most  of  the 
requirements.  In  a  few  instances,  where  lines  were  going  into 
different  districts,  owing  to  difficulties  in  getting  our  way-leaves, 
there  might  be  four  wires,  but  no  more.  I  put  it  to  American 
engineers  whether  this  is  not  really  the  better  way  of  doing 
things.  The  number  of  circuits  you  may  get  by  running  arc 
lamps,  or  anything  else,  in  series  becomes  in  time  stupendous ; 
and  I  know  in  working  in  telephone  work  underground  what  a 
bother  it  is  to  be  mixed  up  with  conduits  and  the  remedying  of 
faults.    In  adopting  a  parallel  sjrstem  you  get  rid  of  that,  and 
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you  get  eimplicity  right  away.  When  we  wanted  to  take  the 
cnrrent  oS  we  pnt  another  of  these  brasses  on  and  another  set  of 
insulators  and  we  took  what  we  called  ^^T's"  out  of  the  cable  at 
a  few  feet  from  the  post.  .  These,  of  course,  were  small  wires; 
they  were  carried  down  the  side  of  the  house,  the  insulators 
standing  well  out  from  the  wall,  and  as  a  rule  they  went  through 
the  walls  in  china  pipes,  especially  made  for  the  purpose ;  that  is 
to  say,  we  do  not  simply  take  a  chisel  and  ram  a  hole  through  a 
wall  anyhow  and  just  put  the  wires  through,  as  I  saw  them  doing 
in  Pittsburgh.  It  was  rather  a  costly  job,  I  must  say.  We  fin- 
ished up  with  Portland  cement  afterward,  the  wire  coming  to  a 
cut-out,  which  by  the  regulations  of  the  fire  insurance  com- 
panies was  either  put  on  slate  or  on  a  brick  wall.  These  wires 
were  not  allowed  to  be  put  on  wood  or  near  wood.  Such 
things  were  not  allowed  as  bringing  a  wire  through  the 
framework  of  a  window.  That  would  not  be  tolerated. 
When  they  come  inside  they  come  almost  immediately  to 
the  cut-out,  and  even  if  there  happened  to  be  a  ceiling 
three  feet  above,  the  fire  insui-ance  companies  insisted  on 
a  large  sheet  of  asbestos  being  fixed  against  that.  From  there  we 
box  our  converters  inside  of  iron  bricks  which  were  fixed  in  the 
wall,  and  on  the  way  to  the  converter  there  was  the  usual  switch 
for  cutting  the  whole  installation  out.  Of  course  the  switch  was 
in  many  cases  not  used  at  all  by  the  householder.  In  fact,  it  was 
more  for  the  convenience  of  the  central  station  people  than  for 
the  householder.  They  turn  off  their  lamps  on  the  local  circuits. 
Now,  before  going  further,  I  would  say  something  of  the  class 
of  wire  that  was  used.  I  think  the  reason  that  English  work  has 
taken  the  particular  line  it  has,  is  almost  entirely  due  to  the  fact 
mentioned  by  Mr.  Lockwood,  that  England  has  done  all  the 
cable  work  so  far.  We  were  accustomed  to  expensive  wire  for 
cable  work,  and  consequently  we  did  not  object  to  paying 
£250  a  mile  for  such  a  cable  as  nineteen  15's,  which  I  dare 
say  you  would  think  a  good  deal  here.  The  class  of  con- 
ductor we  used  was  made  of  nineteen  No.  15's,  tinned  on  the 
outside.  This  was  then  wrapped  round  with  three  wrappings  of 
fine  rubber,  such  as  you  use  in  making  joints.  Then  on  the  top 
of  that  comes  what  is  called  a  white  rubber,  that  is  wrapped  on 
two  or  three  times  spirally ;  outside  of  that  there  is  another  of 
what  is  called  black  rubber.  These  two  outside  rubbers  have 
vulcanized  material  mixed  with  them.     When  that  cable  is  made 
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to  the  tliickness  of  insulation  which  we  need  on  these  cables,  and 
do  use  now — one-eighth  of  an  inch  of  rubber — the  cable  is  then 
put  in  the  tank  and  vulcanized.  Now,  there  is  one  point  that 
cannot  be  too  strongly  insisted  on,  and  which  is  this,  that  it  is 
no  use  havihg  an  expensive  cable  like  that  if  you  are  not  going 
to  protect  it  thoroughly.  India  rubber  will  stand  fairly  well 
under  water.  It  will  stand  fairly  well  in  moist  weather,  but 
will  not  stand  in  dry  air ;  and  it  will  not  stand  in  alternations  of 
wet  and  dry.  If  you  will  expose  the  rubber  to  the  air  it  will  in 
time  perish.  It  is  also  liable,  if  it  rests  on  anything  sharp  or 
sharply  rounded,  to  get  very  thin  at  that  point. 

The  way  we  went  to  work  was  this :  On  the  outside  of  that 
cable  is  a  fine  waterproof  tape,  which  is  vulcanized  on  to  the 
material  and  absolutely  forms  part  of  it.  How  much  further 
you  go  depends  on  circumstances,  but  a  general  rule  was  to  take 
a  compounded  tape,  that  is  a  strong  linen  tape  twilled  and  dipped 
in  some  compound  of  ozokerite,  and  this  was  wrapped  around 
in  one  or  two  coatings.  Outside  of  that  we  carefully  put  on  a 
strong  braid  of  yam,  and  the  whole  was  thoroughly  saturated 
with  the  compound.  You  have  then  done  about  all  you  can  do, 
and  I  may  say  that  in  London  I  believe  that  there  are  three  or 
four  miles  of  cable  of  that  class  which  has  now  been  lying  in 
iron  pipes  carrying  a  tension  of  2,500  volts  without  any  accidents. 
The  cables  are  simply  drawn  into  the  iron  pipes  and  lie  side  by 
side.  I  know  that  the  Silvertown  people  four  or  five  years  ago  laid 
down  such  cables  as  that  for  arc  lighting  throughout  their  works. 
The  grounds  of  their  works  are  fairly  saturated  with  various 
mixtures,  yet  it  has  given  them  no  trouble  at  all  since.  I  cannot 
help  thinking  that  if  your  cable  is  properly  protected  that  it  will 
not  give  trouble.  That  cable,  of  course,  before  it  leaves  the 
manufacturer,  is  carefully  tested.  I  have  spent  months  in  test- 
ing telephone  and  electric  light  cables  of  that  character.  This 
class  of  cable  manufactured  by  the  Silvertown  Company  would 
test  from  2,000  to  8,000  megohms  to  the  mile  at  a  temperature 
of  75®.  If  you  put  the  testing  current  on  to  a  cable  like  that  it 
fiows  into  the  cable  with  a  great  rush,  and  then  the  rush  dimin- 
ishes, and  you  gradually  see  the  spot  of  light  coming  back.  One 
should  always  watch  that  spot  of  light  for  ten  minutes.  Some- 
times it  will  give  a  little  kick,  and  that  will  denote  that  some- 
thing is  not  quite  right.  But  the  Silvertown  people  have  told 
me,  and  I  have  known,  that  they  have  manufactured  in  submarine 
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cables  as  many  as  seventy  miles  of  cable  withont  locating  any 
fault  that  they  were  obliged  to  cut  ont. 

As  to  installation  work,  that  is  also  done  with  iirst  class  rubber 
covering  thoroughly  vulcanized.  It  usually  depends  a  good  deal 
on  the  fire  insurance  inspector.  One  man  will  pass  one  thing 
and  another  will  not  pass  it.  You  have  got  to  know  your  man. 
Mr.  Musgrave  Heaphy  first  succeeded  in  imposing  his  rules 
more  or  less  generally,  and  work  is  now,  I  believe,  fairly  up 
to  his  standard.  His  standard  means  that  no  wires  are  to  be 
within  an  inch  of  each  other  in  wood  casing;  that  wood  casing 
is  used  everywhere ;  that  there  is  no  exposed  wire ;  that  there  are 
cut-outs  to  every  two  or  three  lamps ;  that  the  cut-outs  have  all 
slate  or  porcelain  bases ;  that  all  switches  have  porcelain  solid 
bases,  and  that  no  screws  communicating  with  the  current  are 
allowed  to  come  in  contact  with  woodwork  at  all. 

No  doubt  we  have  sacrificed  rapidity  of  progress  to  some  ex- 
tent, and  we  have  had  a  lot  of  trouble ;  still  there  has  been  im- 
munity from  accidents,  which  is  very  gratifying,  and  the  work 
will  stand.  There  is  no  doubt  that  the  people,  when  they  put 
electric  lights  in  their  houses,  have  an  idea  that  it  is  going  in  just 
the  same  as  gas  fittings,  but  a  good  deal  of  the  electric  work  put  in 
in  past  years  I  do  not  think  would  last  as  long  as  fair  average 
plumbing.  I  am  very  much  obliged  to  you  for  listening  so  ap- 
preciatively. 

The  Chairmak  : — I  would  like  to  ask  Mr.  Addenbrooke  his 
opinion  on  the  proposition  which  we  have  heard  considerably  of 
within  a  few  weeks,  that  while  there  is  no  particular  difficulty 
in  insulating  a  direct  current  of  3,000  or  4,000  volts,  it  is  abso- 
lutely and  entirely  impossible  by  any  known  means  of  insulation 
to  insulate  an  alternating  current  of  a  thousand  volts.  What  is 
your  experience  as  to  that  ? 

Mb.  Addknbbookb: — It  is  not  a  subject  on  which  one  likes 
to  make  a  random  shot — and  my  experience  was  pretty  fully 
stated  in  the  London  Eled/rical  Heview  three  or  four  years  ago. 
I  do  not  think  there  is  anything  whatever  to  show  that  the 
alternating  current  will  break  down  insulation  quicker  than  a 
continuous  current.  I  know  a  great  many  statements  are  made 
on  the  subject.  I  do  not  know  of  any  one  in  England  or  Amer- 
ica who  has  made  a  careful  series  of  experiments  on  that 
point.  We  all  know  that  the  alternating  current  will  not  pro- 
duce anything  like  the  arc  that  the  continuous  current  will. 
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A  continuons  current  of  a  thougand  volts  will  produce  an  arc — 
I  would  not  like  to  say  how  much  longer  than  an  alternating 
current  will  produce.  We  know  that  a  cable  does  not  receive 
the  full  charge  of  electricity  at  once,  while  you  can  see  the  move- 
ment of  the  galvanometer  an  hour  after  the  cable  has  had  the 
current  on,  but  of  course  the  great  rush  occurs  immediately. 
Still  it  takes  a  very  appreciable  time,  and  in  the  case  of  an  alter- 
nating current,  we  will  say  alternating  200  times  a  gecond,  it  is 
quite  conceivable — I  do  not  say  that  it  is  a  fact,  but  it  is  worth 
putting  forward — that  the  insulating  substance  around  that  cable 
has  not  time  to  get  sufficiently  polarized  to  allow  the  discharge 
to  pass  through  quickly  before  the  current  has  turned  in  another 
direction  and  has  depolarized  it.  I  do  not  say  that  this  is  a 
correct  view.  It  is  a  thing  that  requires  to  be  gone  through 
very  carefully.  From  all  the  observations  I  have  made  and  what 
I  have  heard  on  the  question  of  insulation,  I  think  that  an  alter- 
nating current  will  not  go  through  more  quickly  than  a  coi- 
tinnous  current. 

The  Chairman  : — The  English  telegraphic  engineers  have  al- 
ways taken  the  ground  that  a  submarine  cable  was  less  injured 
by  an  alternating  than  by  a  continuous  current.  They  have 
used  the  double  current  system  on  defective  cables,  in  preference 
to  the  single  current  system,  which  will  tend  to  prove,  I  suppose, 
that  they  apprehended  more  trouble  from  the  breaking  down  of 
the  insulation  by  the  continuous  current  than  by  the  alternating. 

Mb.  Lockwood  : — The  hour  is  late,  so  I  shall  make  my  remarks 
in  reply  to  questions  very  brief.  The  Secretary  has  mentioned 
the  subject  of  pneumatic  tubes,  and  that  very  little  or  nothing 
had  been  said  in  my  paper  regarding  them.  I  think,  perhaps, 
I  may  be  excused  for  the  reason  that  there  was  very  little  or 
nothing  to  say.  It  is  true  that  pneumatic  tubes  are  much  more 
entensively  used  by  the  British  telegraph  authorities  than  they 
are  used  here,  because  it  is  apparently  one  of  the  maxims  of  the 
British  telegraph  authorities  that  it  takes  a  longer  time  to  deliver 
a  message  than  it  does  to  send  it.  I  am  sure  that  the  same  view 
is  borne  out  by  the  experience  of  every  one  of  us  who  has  ever 
had  occasion  to  send  or  receive  a  despatch,  and  so  instead  of 
filling  up  the  large  cities  such  as  London,  Liverpool,  Manchester 
and  Birmingham  with  telegraph  sub-offices,  at  about  every  hotel 
and  every  ten  blocks,  they  have  organized  a  system  of  pneumatic 
tubes  which  is  very  like  that  of  the  Western  Union  in  New 
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York,  but  on  a  much  larger  scale,  and  as  a  general  thing,  they 
send  their  messages  in  packages  in  a  pneumatic  tube  from  one 
point  to  another. 

In  respect  to  the  inquiry  made  by  Mr.  Garratt  concerning  the 
relative  methods  of  inside  construction  in  electric  lighting,  and 
how  they  get  along  there  with  the  inspectors,  I  think  that  haj» 
been  sufficiently  answered  by  Mr.  Addenbrooke. 

Mr.  Martin  thought  something  should  have  been  said  regard- 
ing the  electric  motor  railway  service.  There  are  not  anything 
like  as  many  street  car  roads  as  there  are  on  this  side.  But  it  is 
only  within  the  last  twenty-five  years  that  street  car  railways 
were  introduced  into  England  by  Citizen  George  Francis  Train, 
and  they  called  them  tram  roads,  not  from  any  connection  with 
Mr.  Train,  but  because  there  were  tram  roads  in  collieries,  be- 
fore Mr.  Train  was  heard  of.  During  the  twenty-four  years  I 
was  absent  from  England,  I  found  there  had  been  a  great 
advance  in  street  railroad  business.  But  they  are  not  a  fast 
nation.  In  England  they  would  rather  do  a  thing  well  once 
than  do  it  fast  a  dozen  times.  So  they  found  the  horse  car  & 
pretty  good  thing  to  stick  to,  and  they  have  made  more  of  it  than 
we  have  done,  because  they  make  all  the  cars  double  deckers ; 
not  only  that,  but  they  use  steam  dummies  to  a  very  large  entent,. 
and  between  Birmingham  and  Soho  and  other  districts  I  find 
they  use  the  traction  cables,  and  it  gives  good  service.  One  of 
the  electric  roads  I  had  the  pleasure  of  traveling  on  was  about  a 
couple  of  miles  long,  and  situated  on  Brighton  Beach.  It  is  a 
very  poor  kind  of  a  thing  to  look  at,  but  it  is  in  a  safe  location — 
on  the  sands  of  the  sea  shore,  and  it  does  not  trouble  a  single 
telephone  wire.  The  current  passes  through  the  two  rails.  The 
Port  Rush  road  is  still  there,  and,  as  I  understand,  is  doing  good 
service.  I  had  not  time  to  see  it.  After  all  is  said  and  done, 
the  main  reason  that  electric  motor  roads,  operated  as  we  operate 
them  with  a  single  wire  overhead  are  not  more  common,  is  the 
reason  mentioned  by  Mr.  Addenbrooke,  reinforced  by  the  very 
potent  hand  of  the  central  government  which  knows  that  the 
operation  of  such  an  electric  railway  in  such  a  way  would  be  a 
great  deal  of  a  nuisance  to  its  own  telegraph  wires,  and  would 
mean  death  and  destruction  to  all  telephone  wires  in  the  king- 
dom, which  will  possibly  be  all  government  property  some  day. 
I  asked  Mr.  Preece  about  that,  and  he  reminded  me  that  he  had 
presented  to  the  Institution  of  Electrical   Engineers^ a 
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showing  very  clearly  the  evil  results  to  all  electric  systems  oper- 
ating sensitive  instruments,  of  railway  or  electric  light  systems 
using  the  earth  for  a  return.  I  also  inquired  of  a  gentleman  well 
informed  in  electrical  matters,  why  the  electrical  railways  were 
not  more  used  with  the  overhead  wire,  and  he  said  because  they 
would  not  be  allowed.  I  thought  that  was  a  very  good,  solid 
reason,  and  when  I  told  them  how  they  were  being  sown  broad- 
ca£it  through  the  land  here,  and  how,  when  harmless  telephone 
campanies  remonstrated,  they  were  universally  met  with  the  cry 
that  the  telephone  companies  wanted  the  earth,  he  said,  ^'That 
is  very  true ;  they  want  the  earth  here  also,  but  they  want  it  to 
work  on  like  any  other  peaceable  mortals,  and  they  do  not  pro- 
pose to  allow  that  a  tiger  has  the  same  right  to  walk  the  earth 
that  a  man  has.''  And  that  seems  to  me  the  principal  reason 
why  the  electric  railway  has  not  made  more  progress  than  it  has 
in  England. 

I  do  not  know  that  I  have  anything  more  to  add  except  to  ex- 
press my  gratification  at  the  very  lucid  demonstration  made  by 
Mr.  Addenbrooke.  He  said  one  or  two  things  that  I  should  like 
to  have  said  myself,  but  I  am  going  to  stay  in  the  country  and  he 
i8  not.     I  thank  you,  gentlemen,  for  your  very  kind  attention. 

The  Chairman  : — In  closing  this  very  interesting  disussion,  I 
will  take  the  liberty  of  expresing  the  thanks  of  the  meeting  to 
Mr.  Addenbrooke  for  the  information  he  has  given  us,  and  will 
announce  that  the  next  paper  before  the  Institute  will  be  read 
on  the  evening  of  October  29th,  by  our  fellow  member,  G^rge 
B.  Prescott,  Jr.  His  subject  is  "  Some  Methods  of  Seriating 
Accumulators  in  Electric  Lighting." 
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SOME  METHODS  OF  REGULATING  ACCUMULATORS 
IN  ELECTRIC  LIGHTING. 


BY    GEORGE   B.    PRESCOTT,   JR. 


In  preparing  the  following  paper,  the  limited  scope  of  which 
is  indicated  by  its  title,  I  have  assumed  that  it  is  generally  con- 
ceded that  the  modem  electric  accumulator  is  an  apparatus  cap- 
able of  performing  a  peculiar  but  useful  function  in  the  art  of 
electric  lighting  as  now  commercially  practiced,  and  that  it  is 
free  from  inherent  defects  which  would  render  it  unsuitable  for 
such  application.  Indeed,  I  am  sure  that  every  careful  observer 
has  noted  in  the  somewhat  slow  evolution  of  the  accumulator, 
that  structural  improvement  and  adaptation  to  practical  require- 
ments, which  unquestionably  show  that  it  has  come  to  stay  ;  and 
will  acknowledge  that  even  as  it  exists  to-day,  the  accumulator  is 
a  factor  in  electrical  industry  too  important  to  be  ignored  by 
those  who  take  a  broad  view  of  the  situation. 

It  is  not  my  intention  to  refer  to  those  numerous  successful 
applications  of  accumulators  to  the  propulsion  of  small  marine 
vessels  and  land  vehicles,  to  car  lighting  and  other  minor  work 
where  the  continuous  generation  of  power  from  the  combustion 
of  fuel  would  be  impracticable ;  neither  can  I  fully  discuss  their 
characteristic  actions  under  working  conditions,  within  the 
limits  of  this  paper.  Nevertheless,  before  proceeding  to  the 
subject  proper,  I  deem  it  incumbent  to  point  out  that  the  elec- 
trical accumulator,  even  in  its  more  improved  forms,  is  an  ap- 
paratus having  well  defined  limits  of  capacity,  and  that  these 
limits  cannot  be  habitually  exceeded  without  endangering  its 
effectiveness  and  impairing  its  durability.  Generally  speaking, 
the  limits  referred  to.  which  vary  with  every  type  and  size  of 
cell,  relate  to  the  rate  and  quantity  of  charge  and  diachargB, 
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these    factors    being    measured    respectively  in    amperes  and 
ampere  hours. 

In  considering  this  admission,  however,  it  should  not  be  for- 
gotten that  every  dynamo-electric  machine  is,  to  a  certain  extent, 
subject  to  similar  limitations ;  for,  like  the  accumulator,  if  it  is 
demanded  of  them,  they  are  capable  of  generating  a  current  far 
exceeding  their  safe  carrying  capacity.  Here  the  likeness  ceases, 
however,  for  while  the  dynamo  will  deliver  its  normal  current  as 
long  as  adequate  power  is  applied  to  its  shaft ;  by  continuing 
to  draw  current  from  an  accumulator  for  too  long  a  time,  as 
likewise  from  an  excessive  rate  and  quantity  of  charge,  serious 
damage  may  result.  In  fact,  in  some  respects  an  accumulator 
may  be  likened  to  a  draught  animal,  which  can  be  made  to  per- 
form abnormally  large  amounts  of  work  for  short  periods  of 
time,  but  only  at  the  expense  of  its  vitality  if  the  practice  is 
frequent. 

While  much  might  be  said  regarding  the  maintenance  of 
accumulators,  and  moreover,  the  apparatus  to  be  presently  de- 
scribed is  employed  in  a  large  measure  for  the  purpose  of  effect- 
ing proper  maintenance  as  well  as  regulation,  it  must  suffice  to 
say  here  that  the  normal  working  rate  and  capacity  of  an  ac- 
cumulator battery  having  been  stated  by  the  makers,  all  neces- 
sary data  relating  to  its  use  may  be  ascertained  from  the  in- 
dications of  ordinary  hydrometers,  ammeters  and  voltmeters. 
That  is  to  say,  during  the  chaige  and  discharge  of  such  a  battery 
the  rise  and  fall  of  its  potential  and  of  the  specific  gravity  of  the 
electrolyte  in  its  cells,  are  both  quantitatively  indicative  of  its 
condition  and  capacity  for  doing  work.  It  is  evident  from  what 
has  already  been  said  regarding  the  importance  of  working  ac- 
cumulators within  certain  prescribed  limits,  that  in  order  to 
effect  this  result  two  classes  of  apparatus  must  be  provided  with 
every  accumulator  installation,  viz. : — indicating  or  measuring 
instruments,  and  regulating  appliances  to  be  operated  either 
automatically  or  by  hand.  I  am  constrained  to  add  here,  that 
careful  and  extended  observation  leads  me  to  believe  that  a  lack 
of  appreciation  of  those  now  obvious  facts  will  largely  account 
for  the  ill  success  attending  many  of  the  earlier  accumulator 
installations. 

Although  there  is  reason  for  believing  that  some  of  the  early 
promoters  of  business  enterprises  based  on  the  manufacture  of 
electrical  accumtdators,  anticipated  that  accumulator  systems  of 
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lighting  were  destined  to  compete  with  and  perhaps  supersede 
many  direct  systems,  I  believe  that  the  more  mature  modem 
idea  is  that  they  are,  for  the  present  at  least,  mainly  subsidiary 
to  other  electric  lighting  systems.  As  auxiliaries  to  n.any  direct 
systems,  accumulators  undoubtedly  effect  a  reduction  in  running 
expenses  and  add  an  element  of  reliability,  besides  accomplishing 
certain  results  that  are  not  otherwise  obtainable.  In  crder  to 
fully  appreciate  the  truth  of  these  statements,  it  will  be  necessary 
to  glance  at  the  conditions  commonly  existing  in  ordinary  iso- 
lated and  central  station  plants  as  they  are  operated  at  the  pres- 
ent time.  Doubtless  every  one  who  is  familiar  with  the  electric 
lighting  business,  is  acquainted  with  the  vagaries  of  the  load 
curves  during  each  24  hours  of  a  central  station's  run.  Generally 
speaking,  about  sunset  the  load  begins  to  increase  gradually, 
finally  reaches  a  maximum  which  is  maintained  for  a  greater  or 
less  period  of  time,  and  then  falls  to  a  minimum  about  which  it 
fluctuates  for  the  remainder  of  the  24  hours.  Almost  every 
isolated  plant,  whether  it  be  in  office  building,  hotel  or  apartment 
house,  has  a  curve  of  the  same  general  character ;  and  probably 
most  manufacturing  establishments  would  prefer  to  have  a  few 
lights  burning  through  the  night,  if  only  for  the  watchman's 
convenience,  were  it  not  for  the  expense  entailed  by  the  continu- 
ous operation  of  the  plant.  It  is  a  truism  to  say  that  the  cost  of 
fuel  per  horse-power  increases  inversely  as  the  power  plant 
operates  below  its  normal  capacity,  and  that  other  operating  ex- 
penses are,  to  a  considerable  extent,  fixed  independently  of  the 
load.  In  view  of  these  facts  it  is  universally  acknowledged  that 
the  operation  of  large  power  plants  of  any  character  during 
periods  of  light  loads,  is  enormously  wasteful.  Many  have  hoped 
that  the  supplying  of  current  to  small  electric  motors  during  the 
day  would  remedy  the  evil  in  lighting  stations,  and  to  some  ex- 
tent the  expectation  has  been  realized  in  manufacturing  centres, 
but  even  here  the  unfortunate  overlapping  of  the  motor  and 
lamp  service  still  leaves  an  undesirable  margin. 

Here  then  is  a  field  in  which  accumulators  may  perform  their 
special  function ;  not  in  competition  with  direct  systems,  but  as 
supplying  the  missing  feature  in  the  commercially  successful 
operation  of  most  24  hour  plants  of  moderate  size.  There  is  no 
obstacle  in  the  way  of  appfying  a  sufficient  number  of  accumu- 
lators to  a  plant  of  the  character  mentioned,  to  maintain  the  light 
load  during  the  time  it  would  not  pay  to  operate  the  power 
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plsDt,  and  to  provide  for  the  charging  of  the  accmnnlators  during 
the  regular  running  time  of  the  dynamos.  Assuming,  in  illus- 
tration of  this  statement,  that  10  hours  is  the  ordinary  working 
day,  and  that  the  engines  of  a  central  lighting  station  are  started 
at  2  p.  M.  and  are  operated  until  midnight,  it  is  probable,  if  not 
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certain,  that  there  will  be  sufficient  surplus  current  for  an  ample 
length  of  time,  to  charge  enough  accumulators  for  the  service 
required  after  the  engines  cease  to  revolve ;  excluding,  of  course, 
the  period  of  maximum  load,  when  the  dynamos  will  be  taxed  to 
their  full  capacity  in  their  regular  service.    Under  such  con- 
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ditions  the  engines  could  be  operated  at  somewhere  near  their 
normal  capacity  during  the  whole  period  of  their  running  time, 
and  the  cost  of  unit  power  would  be  a  minimum ;  while  only  one 
staff  of  men  will  be  required.  It  may  be  advisable  to  explain 
here  that  although  the  current  available  for  charging  the  batter- 
ies during  the  regular  running  time  of  the  dynamos  would  vary 
with  the  lamp  load,  this  is  of  no  importance  as  it  is  not  essential 
that  the  batteries  should  be  charged  at  a  uniform  rate.  In  the 
case  of  such  stations  as  also  supply  are  lights,  the  engines  could 
be  started  later  and  operated  thnuijj:h  the  night.  Besides  reduc- 
ing 4he  operating  expenses  of  a  station  during  its  periods  of  light, 
load  to  a  greater  extent  than  they  increase  them  at  other  times, 
in  the  event  of  an  accident  to  the  power  plant  or  incandescent 
dynamos,  the  accumulators  can  always  l/e  called  upon  for  extra 
service ;  while  whenever  there  is  an  abnormally  heavy  demand 
for  current  they  may  also  be  operated  in  conjunction  with  the 
dynamos. 

But  there  is  still  another  field  in  which  accumulators  may  be 
employed  to  equal  advantage,  viz.: — that  of  long-distance  light- 


ing now  so  successfully  occupied  by  the  alternator-converter  sys- 
tem. An  accumulator  is  indeed  merely  a  chemical  converter, 
which  is  unequaled  as  a  pressure-reducer,  and  any  one  who  gives 
careful  thought  to  the  subject  will  perceive  what  an  excellent 
substitute  it  is  for  the  alternator*  converter  in  those  situations 
where  the  character  of  the  lighting  makes  it  necessary  to  run 
^' light"  for  many  hours  each  day.  Indeed  I  can  only  account 
for  the  fact  that  accumulators  were  not  long  since  more  exten- 
sively tused  for  this  class  of  lighting,  except  by  the  existence  of  a 
feeling  of  skepticism  as  to  their  durability,  together  with  their 
somewhat  formidable  first  cost. 

As  manufacturers  now  guarantee  the  durability  of  accumula- 
tors, under  certain  conditions  of  use,  for  an  annual  percentage  on 
their  first  cost;  and  as  methods  of  ipanufacture  must  improve 
with  experience  and  moderate  that  cost,  both  of  these  objections 
aro  gradually  being  modified.  Digitized  by  LiOOgle 
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But  even  in  the  present  state  of  the  art,  the  question  of  first 
cost,  depreciation  and  efficiency  may  be  duly  allowed  for,  and  a 
considerable  reduction  in  operating  expenses  still  shown  to  result 
from  the  use  of  accumulators  under  many  circumstances.  To 
quote  from  an  article  by  the  writer  "  On  the  Place  of  Accnmula- 
tors  in  Electric  Lighting,"  which  was  published  in  the  March 
issue  of  The  Electrical  Engineer : — 

"Whenever  one  kind  of  energy  is  transformed  into  another 
kind,  more  or  less  loss  can  be  shown  to  occur,  and  the  action  of 
the  accumulator  is  not  an  exception  to  this  rule.  The  proportion 
.of  loss  generally  varies  with  the  conditions  under  which  the 
transformation  is  effected,  and  in  the  case  of  the  accumulator  de- 
pends mainly  upon  the  rate  of  charge  and  discharge.    If  these 


double  transformations  are  conducted  slowly  the  loss  may  be 
nearly  inappreciable,  but  at  the  higher  rates  which  are  frequently 
demanded  in  practice  the  efficiency  is  proportionately  reduced. 
The  fact  of  the  existence  of  this  loss  clearly  indicates  that  the 
direct  production  and  consumption  of  electricity  most  always  be 
less  expensive,  both  in  original  outlay  and  cost  of  production, 
than  its  subsequent  use  through  the  medium  of  accumulators ; 
unless,  indeed,  there  are  other  modifying  conditions  which  over 
balance  the  additional  cost  of  accumulators  and  ofiset  their  main- 
tenance. That  such  conditions  do  exist  in  many  branches  of  the 
electric  lighting  industry  can  be  readily  demonstrated,  and  it 
may  likewise  be  shown  that  the  use  of  accumulators  as  auxiliaries 
to  many  existing  lighting  plants  would  insure  a  marked  reduction 
in  their  running  expenses. 
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"  From  what  has  already  been  said  regarding  the  infallible  cer- 
tainty of  loss  resulting  from  any  form  of  conversion  of  energy, 
it  is  evident  that  if  the  load  were  equal  to  the  capacity  of  a  plant 
for  24  hours  each  day  no  system  of  conversion  could  compete  in 
point  of  economy  with  one  which  effected  the  direct  production 
and  use  of  the  current.  There  is  an  exception  even  to  this  gen- 
eral statement,  however,  when  one  or  more  groups  of  lamps  are 
located  at  such  a  great  distance  from  the  source  of  power  that  the 
interest  on  the  cost  of  conductors,  together  with  the  cost  of  the 
energy  wasted  in  them,  becomes  of  serious  importance :  not  to 
mention  the  increased  difficulties  of  regulation.  In  cases  of  thi» 
character,  the  value  of  the  accumulator  as  an  auxiliary  to  a  direct 


Fig.  4. 

incandescent  system  becomes  obvious.  The  cells  may  be  located 
directly  at  the  centres  of  consumption  and  charged  by  a  moderate 
current  at  high  pressure  over  a  small  conductor.  They  may  be 
charged  during  the  hours  of  light  load  and  discharged  as  re- 
quired, the  whole  charging  current,  in  addition  to  the  current  of 
the  batteries,  being  available  on  the  lamp  circuits,  daring  the  pe- 
riod of  maximum  load,  if  it  should  be  so  desired.  Often  the  in- 
terest on  the  cost  of  such  an  accumulator  installation,  plus  the 
cost  of  the  energy  lost  in  conversion  of  current,  is  much  less  than 
the  loss  by  the  direct  system  as  previously  specified.  Another 
and  vastly  important  consideration  in  favor  of  the  accumulators 
is  that  during  the  10  or  12  hours  of  each  day  when  the  consump 
tion  of  current  is  so  small  that  a  station  can  only  be  opeiuted  a^ 
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a  I088,  the  power  could  be  shut  off  entirely  and  the  accuinulat<  1  s 
resorted  to  for  the  current  required  during  that  period." 

As  a  matter  of  fact,  the  ideal  condition  of  a  continuous  maxi- 
mum load,  as  assumed  above,  nowhere  exists  in  practice.  The 
actual  load  curves  for  stations  of  similar  capacity  throughout  the 
country  differ  not  only  in  respect  to  the  duration  of  the  maxi- 
mum period,  but  likewise  in  the  hours  during  which  the  light 
and  heavy  loads  occur,  according  to  the  character  of  the  lighting. 
It  is  nevertheless  true  that  they  all  show  a  remarkable  similarity 
in  the  variation  of  current  consumption,  and  all  the  24  hour  sta- 
tions, particularly  the  smaller  onep,  require  but  a  very  small  por- 


Fig.  6. 

tion  of  the  capacity  of  the  plant  for  the  greater  part  of  the  day. 
For  this  reason  many  of  the  smaller  stations  cannot  be  profitably 
operated  for  more  than  12  hours  a  day,  and  customers  are  there- 
fore unable  to  obtain  the  light  for  the  remainder  of  the  24  hours, 
the  system  being  thereby  deprived  of  much  of  its  value  to  many 
consumers. 

Here  again  the  utility  of  the  accumulator  for  tiding  over  these 
costly  periods  of  light  loads  becomes  apparent.  It  is  evident 
that  any  ordinary  station  running  for  12  hours  a  day,  more  or 
less,  is  not  likely  to  have  an  output  approaching  its  capacity  for 
more  than  two  hours  at  the  longest,  while  for  the  greater  part  of 
the  time  it  will  be  much  below  it.    Why  should  not  sucl^  a 
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station  be  operated  during  that  period  of  12  hours  at  somewhere 
near  its  full  capacity,  and,  therefore,  under  the  most  economical 
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<3ondition8  for  the  power  produced,  and  utilize  the  excess  of  cur- 
rent to  charge  a  sufficient  number  of  accumulators  to  maintain 
the  lighter  load  during  the  remainder  of  the  day  ? 
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This  is  the  legitimate  work  of  accumulators,  and  when  they 
are  properly  installed  and  maintained  to  meet  such  conditions, 
the  class  of  small  stations  referred  to  will  be  enabled  to  supply 
satisfactory  light  for  24  hours  a  day  at  moderate  cost,  while  the 
larger  stations  may  greatly  reduce  their  running  expenses  and  at 
the  same  time  maintain  the  efficiency  of  their  service." 

Before  proceeding  to  consider  the  methods  of  regulating  ac- 
cumulator currents,  it  will  be  advisable  to  examine  some  of  the 
peculiarities  of  the  element  with  which  we  have  to  deal. 
Generally  speaking,  the  total  current  capacity,  expressed  in 
ampere-hours,  of  a  single  cell  of  accumulator  of  the  lead  lead- 
oxide  type,  is  proportional  to  the  number  and  size  of  its  plates ; 
its  rate  of  discharge  depending  upon  the  number  of  plates  and 
the  effective  surface  of  each,  while  the  time  of  such  discharge 
varies  with  their  thickness.  Although  there  are  no  obvious 
theoretical  reasons  why  a  single  cell  of  accumulator  should   not 
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be  made  sufficiently  large  to  possess  any  desired  capacity,  there 
are  mechanical  considerations  which  make  it  advisable  to  limit 
the  dimensions  of  a  cell  to  the  extent  that  it  may  be  conveniently 
portable.  Therefore  when  higher  rates  or  longer  discharges 
than  an  ordinary  cell  will  give  are  demanded,  two  or  more  cells 
must  be  connected  in  parallel.  On  the  other  hand  the  electro- 
motive force  of  all  sizes  of  accumulators  composed  of  the  same 
elements  is  of  course  identical,  but  as  the  internal  resistance  of  a 
cell  varies  with  the  number  and  suiface  of  its  plates,  its  effective 
working  potential  must  be  a  function  of  the  strength  of  the  dis- 
charge current.  As,  however,  the  internal  resistance  of  all  sizes 
of  accumulators  is,  in  virtue  of  the  large  surface  and  compactness 
of  their  electrodes,  exceedingly  small  in  comparison  with  their 
rate  of  discharge,  their  working  potential  nearly  equals  their 
electromotive  force  on  open  circuit.    While  the  normal  effectSre 
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working  potential  of  a  fully  charged  accnmulator  in  good  con- 
dition i8  usually  stated  as  about  two  volts,  as  a  matter  of  fact  it  is 
somewhat  higher  than  this  after  being  charged  and  rather  lower 
after  normal  discharge,  the  average  effective  potential  being 
about  1.95  volts.  During  the  operation  of  charging  an  accumu- 
lator, its  potential,  or  what  is  then  usually  called  its  counter 
electromotive  force,  rises  gradually  until  the  cell  is  nearly  charg- 
ed, and  then  more  suddenly  as  gas  is  evolved,  sometimes  re- 
quiring an  effective  charging  pressure  of  as  high  as  2.5  volts  per 
cell  if  the  current  is  continued  after  the  cell  is  charged.  In  actual 
practice  the  accumulator  is  usually  considered  to  be  fully  charged 


Fig.  B. 


when  the  potential  of  the  normal  charging  current  reaches  2.3 
volts  per  cell,  or  at  2.2  to  2.25  volts  per  cell  when  the  charging 
rate  is  reduced  as  gas  begins  to  be  freely  evolved  towards  the 
end.  Similarly  when  a  cell  is  discharged  at  the  normal  rate  its 
effective  potential  falls  during  the  progress  of  the  discharge  from 
2  volts  to  1.8  volts,  at  which  latter  point  it  is  considered  to  be 
discharged  to  its  normal  limit. 

The  facts  above  cited  to  the  effect  that  the  electromotive  force 
of  accumulators  rises  during  charge,  and  falls  during  discharge 
and  that  their  capacity  for  charge  and  discharge  is  limited,  are  the 
key  notes  to  the  regulative  processes ;  and  only  one  other  point 
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need  be  here  considered.  When  two  or  more  series  of  oelk  con- 
nected in  parallel  are  to  be  charged  at  the  same  potential,  it  is 
evident  that,  unless  each  series  is  in  precisely  the  same  state  in 
respect  to  residual  charge,  there  will  be  a  difference  in  their 
electromotive  forces ;  and,  in  consequence,  less  current  will  flow 
in  those  series  having  higher  potentials  than  others.  While  the 
larger  current  flowing  into  the  less  charged  cells  will  have  a 
tendency  to  bring  up  their  potentials  to  the  average,  it  is  found 
in  practice  that  some  series  will  become  fully  charged  sooner 
than  others.  The  simple  means  provided  for  compensating  for 
these  variations  will  be  duly  described. 

One  of  the  commonest,  and  perhaps  the  simplest  applications 
of  accumulators  to  lighting  work  is  found  in  their  employment 
in  connection  with  direct  isolated  plants  in  factories,  office  build- 
ings, etc.     In  illustration  of  the  method  of  applying  accumula- 


tors  in  such  cases,  we  may  select  as  a  type  of  this  class  of  lighting 
one  of  those  office  buildings  common  in  New  York  and  other 
large  cities.  This  building,  we  may  assume,  has  already  been, 
or  is  about  to  be,  wired  for  500  16-candle,  100-volt,  i-ampere 
lamps  on  the  multiple-arc  plan,  and  is  to  be  provided  with  a  125- 
volt,  200-ampere  dynamo ;  it  being  calculated  that  more  than  400 
lamps  'v^ill  rarely  be  lighted  simultaneously.  We  are  not  speci- 
ally concerned  with  the  power  plant,  and  will  simply  assume 
that  it  is  of  ample  capacity,  it  being  remembered  that  such  build- 
ings are  usually  steam  heated,  and  therefore,  offer  favorable  con- 
ditions for  the  operation  of  a  plant  of  the  character  under  con- 
sideration. Now  it  can  be  deduced  from  experience  that,  during 
the  day,  from  say  nine  o'clock  in  the  morning  until  about  sunset, 
only  a  limited  number  of  lights  will  be  burned  in  certain  dark 
comers  of  the  building,  and  that  as  twilight  and  darkness  come 
on  the  load  will  gradually  increase,  reaching  a  maximum  at  a 
rtain  hour  depending  upon  the  season  ;  subseauentlj 
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will  decrease,  finally  reachiDg  a  minimum  after  the  janitor  and 
his  assistants  have  finished  their  cleaning  operations,  which  load 
will  probably  be  maintained  for  the  remainder  of  the  24  hours. 
It  is 'evident  that  a  direct  plant  operating  under  such  conditions 
would  necessitate  the  employment  of  two  forces  of  men,  either 


one  or  two  in  each,  and  would,  moreover,  be  running  under  ex- 
ceedingly uneconomical  conditions  for  a  large  part  of  the  time. 
Let  us  now  consider  in  what  manner  accumulators  may  be  added 
to  this  plant  in  order  that  it  may  supply  the  variable  load  for  S4 
hours  daily,  while  at  the  same  time  dispensing  with  the  services 
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of  one  staff  of  men  and  reducing  the  running  tune  of  the  engine 
to  eight  hours. 

It  has  been  shown  in  a  general  way  how  the  load  varies  during 
24  hours ;  but  in  order  to  ascertain  the  capacity  of  the  accumula- 
tors required,  it  will  be  necessary  to  assume,  though  only  approx- 
imately, somewhat  more  precise  figures.  Say  that  the  load  is  as 
follows : — 


From  9  p.  M.  to  9  A.  M.,    20  lamps  —  130  ampere-hours. 
"     9  A.  M.  to  4  p.  M..  aOi)    "       —  700 
"     4  P.  If .  to  6  p.  M.,  400    •'       —400 
"     6  P.  M.  to  9  p.  M.,    60    "       —   75       "         **       n  T 
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tliree  hours  more  only  50  lamps,  or  26  amperes,  are  required ; 
and  a  simple  calculation  proves  that  a  set  of  accumulators  having 
a  capacity  of  200  ampere-hours  will  be  amply  sufficient  to  main- 
tain the  light  lamp  load  for  14  hours  out  of  the  24.  If  the 
dynamo  is  started  at  8  a.  m.  and  operated  until  6  p.  m.,  while 
maintaining  the  required  number  of  lamps  during  that  period,  it 
will  still  have  surplus  current  for  charging  the  battery  as  fol- 
lows : — 

From  8  A  M.  to  9  A.  M.,  190  amperes  for  1  hour, 
"     9  A.  M.  to  4  p.  M,  100       "        "    7  hours, 

or  890  ampere-hours,  an  available  capacity  vastly  in  excess  of  the 
requirements.     Now,  if  during  the  eight  hours  in  which  the  dy- 


Fig.  18. 

namo  is  operating,  the  accumulators  are  charged  at  the  rate  of  30 
amperes,  in  that  period  they  will  receive  a  total  charge  of  240 
ampere-hours.  According  to  the  schedule,  the  maximum  output 
required  from  the  battery  will  be  186  ampere-hours,  whence  it 
follows  that  the  charge  received  by  it  is  more  than  ample,  even 
after  making  the  customary  allowance  of  20  per  cent,  for  lose  by 
conversion ;  and  the  desired  result  has  been  accomplished. 

We  have  now  to  consider  the  details  pertaining  to  the  practi- 
cal arrangements  of  such  an  installation.  According  to  the 
stipulated  schedule,  after  the  dynamo  ceases  to  run  at  6  p:  m., 
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the  battery  alone  must  supply  25  amperes  for  three  hours,  and 
thereafter  10  amperes  for  11  hours,  or  a  total  output  of  185 
ampere-hours.  One  series  of  50  cells,  having  say  a  normal 
capacity  of  30  amperes  for  eight  hours,  will  satisfy  these  require- 
ments, and  will  be  well  within  the  nominal  rating  of  ordinary 
commercial  cells.  Assuming  that  these  50  cells,  connected  in 
series,  have  been  suitably  placed  on  insulated  shelving  at  any 
convenient  distance  from  the  dynamo,  they  may  be  electrically 
connected  with  the  latter  and  with  the  lam])  circuit,  as  shown 
diagrammatically  in  Fig.  1. 

In  this  diagram  the  two  parallel  wires  m  (+),  and  m  ( — ),  rep- 
resent the  common  dynamo  and  lamp  mains  to  which  the  prcK- 
i«ure  indicator,  i,  is  permanently  connected  in  the  usual  manner ; 
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and  L  L  L  represent  the  lamp  circuits.  The  dynamo,  d,  is  con- 
nected to  the  mains  through  the  ammeter,  a,,  on  ope  side,  and 
through  the  upper  contact  of  the  two-way  switch,  s^,  on  the  other. 
These  are  the  ordinary  connections  of  a  multiple  arc  plant ;  and 
the  (-)-)  ftiid  ( — )  terminals  of  the  accumulator  battery,  b,  are 
also  connected  with  the  mains  through  the  ammeter,  a^  and  two* 
way  switch,  s^,  in  precisely  the  same  way.  It  is  evident  that  if 
the  levers  of  both  switches,  Si,  s^,  are  against  their  upper  con- 
tacts,  the  dynamo  and  battery  will  supply  current  to  the  lamp 
circuits  in  exactly  the  same  manner  as  would  two  dynamos  con- 
nected in  parallel,  provided,  of  course,  that  they  are  both  at  the 
same  potential.  On  the  other  hand,  if  the  potential  of  the 
dynamo  slightly  exceeds  that  of  the  battery,  the  current  from  the 
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fonner  will  divide  between  the  battery  and  the  lamp  circuit  in  a 
certain  proportion  determined  by  the  ratio  of  the  resistance  of 
the  lamp  circuit  to  the  internal  resistance  and  counter  electro- 
motive force  of  the  battery.  If  the  levers  of  the  two  switches, 
S;,  83,  are  now  moved  to  their  lower  contacts,  the  dynamo  and 
battery  will  be  connected  in  series  with  their  like  poles  opposed, 
the  main,  m  ( — ),  acting  as  part  of  the  circuit ;  and  supposing 
that  the  pressure  of  the  dynamo  still  exceeds  that  of  the  battery, 
the  latter  will  receive  a  charge.  Thus,  by  this  very  simple 
arrangement^  the  dynamo  and  the  battery,  either  separately  or 
together,  may  be  connected  with  the  lamp  circuit,  or  with  each 
other,  or  be  entirely  disconnected. 

While  this  method  satisfies  all  but  one  requirement  in  certain 
classes  of  plants  where  it  is  convenient  to  employ  the  dynamo 
solely  for  charging  the  battery  during  a  part  of  the  day,  and  to 
use  either  the  dynamo  or  battery,  or  both,  on  the  lamp  circuits  at 
other  times,  it  does  not,  in  fact,  satisfactorily  permit  of  that 
splitting  of  the  dynamo  current  between  the  lamps  and  battery 
which  was  incidentally  referred  to.  More  than  this :  it  fails  to 
provide  a  means  of  compensating  for  that  rise  and  fall  of  the 
potential  of  the  battery  during  the  charge  and  discharge  which 
has  been  mentioned ;  and  this  is  the  unsatisfied  requirement  re- 
ferred to  above.  The  reason  why  the  dynamo  cannot  satisfac- 
torily divide  its  current  between  the  battery  and  lamps  when 
connected  in  the  manner  illustrated  in  Fig.  1  has  already  been 
pointed  out.  During  the  charging  of  the  battery  its  potential 
will  rise  to  2.2  volts  per  cell,  so  that  the  pressure  of  the  dynamo 
must  be  raised  to  110  volts  in  the  case  now  being  considered,  and 
this  excessive  pressure  would  endanger  the  life  of  the  lamps. 
How,  then,  will  it  be  possible  to  employ  the  higher  pressure  de- 
manded by  the  battery  and  at  the  same  time  supply  current  to  a 
number  of  lower  voltage  lamps  without  raising  their  candle- 
power  above  normal  ?  The  answer  is  easily  given,  for  it  is  only 
necessary  to  insert  a  suitable  resistance  in  the  main  between  the 
dynamo  and  lamp  circuits  in  order  to  accomplish  the  desired  re- 
sult. Such  a  resistance,  usually  called  a  ^^ pressure  equalizer,'- 
should  be  made  of  wire  sufficiently  large  to  safely  carry  the  cur 
rent  for  the  greatest  number  of  lamps  likely  to  be  required  at  the 
time  when  the  dynamo  which  supplies  them  is  to  be  simul- 
taneously called  upon  to  charge  the  battery,  and  should  be  made 
conveniently  adjustable,  as  the  fall  of  potential  through  it  Taries 
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with  the  current.  The  method  of  regulating  the  working  po- 
tential of  the  battery  is  equally  simple,  for  it  merely  consists  in 
adding  to,  or  substracting  from,  the  number  of  active  cells  in 
circuit.  This  is  accomplished  by  means  of  a  multiple-point  switch, 
called  a  cell-regulating  switch,  shown  diagrammatically  in  Fig. 
2,  which  is  so  constructed  that,  in  the  act  of  shifting  the  cells  in 
and  out  of  circuit,  it  neither  interrupts  the  circuit  nor  short- 
circuits  the  cells.  It  consists  essentially  of  a  single  pivoted  lever, 
which  carries  on  its  outer  end  a  short  metallic  arm.  This  arm 
is  attached  to  the  lever  by  means  of  a  block  of  insulating  ma- 
terial, but  is  electrically  connected  with  it  by  a  short  spiral  of 
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german-silver  wire.  The  lever  and  arm  may  be  made  to  pass 
over  a  number  of  contact  strips,  which  are  so  arranged  that 
before  the  lever  breaks  contact  at  one  strip,  the  arm  comes  in 
contact  with  the  next  strip,  and  the  reverse  action  takes  place 
when  the  lever  is  moved  in  the  opposite  direction.  During  the 
brief  interval  while  both  lever  and  bar  are  in  contact  with 
adjacent  strips  the  cell  connected  to  those  strips  discharges  a 
feeble  current  through  the  spiral  of  wire. 

It  is  necessary  to  mention  here,  that  in  practice  it  is  customary 
to  provide  for  tlie  installation  of  10  per  cent  more  cells  in  each 
series,  than  a  simple  calculation  on  the  basis  of  two  volts  per  cell 
would  show  to  be  necessary.  Thus  a  plant  using  100  volt  lamps 
would  require  100  -7-2  —  50  ceUs  +  10  per  cent,  of  50  —  6,  or 
55  t^lls  in  each  series.    This  allowance  is  usually  su£Scient  to 
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compensate  for  the  fall  of  potential  during  discharge,  as  well  as 
to  provide  for  the  ordinary  loss  of  potential  in  the  lamp  mains. 

The  method  of  employing  the  pressure  equalizer  and  cell-reg- 
ulating switch  is  shown  in  Fig.  8,  this  diagram  being  otherwise 
similar  to  Fig.  I,  with  the  further  exception  that  an  automatic 
break  switch,  b  s,  is  inserted  in  the  branch  wire  connecting  the 
dynamo  and  battery  through  the  lower  contacts  of  the  switches 
Si,  Sj.  The  function  of  the  automatic  break  switch  is  merely  to 
interrupt  the  charging  current,  in  the  event  of  the  potential  of 
the  dynamo  becoming  so  much  reduced  from  any  cause  as  to  al- 
low the  battery  to  overcome  it,  and  perhaps  reverse  its  polarity. 
This  switch,  a  practical  form  of  which  is  shown  in  Fig.  4,  con- 
sists of  a  simple  electro-magnet  with  a  weighted  armature  lever 
carrying  at  one  end  an  n -shaped  bent  wire  dipping  into  mercury 
cups.  The  charging  current  passes  through  this  magnet  and 
from  one  mercury  cup  to  the  other  through  the  bent  win. 
When  the  current  becomes  greatly  reduced  to  any  predetermined 
extent,  gravity  overpowers  the  attractive  force  of  the  magnet,  its 
armature  is  released  and  the  bent  wire  being  drawn  out  of  the 
mercury  cups  the  circuit  is  broken.  By  referring  to  the  diagram 
in  Fig.  3,  it  will  be  seen  that  the  pressure  equalizer,  p  e,  has 
been  so  placed  that  when  the  switches  Si  Sj  are  on  their  lower 
contacts,  the  current  from  the  (+)  pole  of  the  dynamo  will 
divide  at  sMritch  s^,  part  going  through  the  battery  and  part 
through  the  pressure  equalizer  to  the  lamp  circuits,  both  currents 
again  uniting  at  the  main,  m  ( — \  to  return  to  the  ( — )  pole  of  the 
dynamo.  By  this  arrangement  the  potential  of  the  dynamo  may 
be  adjusted  to  the  requirements  of  the  battery,  and  at  the  same, 
time  the  pressure  at  the  lamps  suitably  reduced  by  adjusting  the 
resistance  of  the  pressure  equalizer. 

When  the  proper  balance  is  once  obtained,  and  by  means  of 
this  apparatus  it  may  be  quickly  and  easily  accomplished  by  one 
man,  no  further  attention  than  would  ordinarily  be  given  to  the 
dynamo  would  be  necessary,  for  although  the  counter  potential 
of  the  battery  would  gradually  rise  toward  the  end  of  the  charge 
and  the  current  passing  into  the  battery  become  correspondingly 
reduced,  this  result  is  even  desirable,  as  it  is  somewhat  advan- 
tageous to  reduce  the  strength  of  the  chai^ng  current  as  the 
battery  becomes  filled.  In  some  installations,  however,  the  extra 
or  regulating  cells  are  used  to  a  more  limited  extent  than  the 
others,  and  thus  having  had  less  current  taken  from  them  they 
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become  sufficiently  charged  in  a  shorter  time.  A  simple  move- 
ment of  the  cell-regulating  switch  will  then  serve  to  cut  out  of 
circuit  one  or  more  of  the  charged  cells  as  may  be  required,  while 
the  others  I'eceive  current  for  a  longer  time.  In  some  cases  a 
further  adjustment  of  the  field  rheostat  of  the  dynamo  and  of  tie 
pressure  equalizer  may  afterwards  be  required,  and  if  so  are 
quickly  effected. 


Fig.  16. 

The  first  indication  that  the  cells  have  received  nearly  enough 
charge  will  be  given  by  the  gentle  evolution  of  gas  which  gradu- 
ally increases  thereafter,  and  which  should  never  be  allowed  to 
become  violent.  At  the  same  time  the  potential  of  the  battery 
will  approach  2.2  volts  per  cell,  and  even  reach  above  2.3  volts 
per  cell  when  the  gassing  becomes  marked.  In  order  to  take 
advantage  of  this  indication  of  charge  it  will  be  su^f^}fj^^(^^^'^(e 
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a  voltmeter  conveniently  located,  and  connected  with  the  term- 
inals of  the  battery,  by  means  of  which  instrument,  the  number 
of  cells  in  the  battery  being  known,  the  potential  per  cell  ie 
readily  ascertained.  While  this  increase  in  potential  is  taking 
place,  a  similar  variation  in  the  density  or  specific  gravity  of  the 
electrolyte  in  the  cells  also  occurs,  but  this  change,  unlike  that 
of  the  potential,  remains  fixed,  even  after  the  charging  current  is 
discontinued.  That  is  to  say,  if  the  specific  gravity  of  the  liquid 
was  1.160  when  the  cells  were  normally  discharged,  it  would 
rise  to  1.190  when  they  were  fully  charged,,  and  would  remain  at 
that  for  a  considerable  length  of  time  if  no  current  was  drawD 
from  them.  This  rise  of  0.030  in  the  specific  gravity  of  the  elec- 
trolyte is  about  the  average  increase  in  density  which  takes  place 
in  the  common  types  and  sizes  of  accumulators  when  1.160  acid 
i8  used  in  the  original  charge,  and  when  the  range  is  from  nonnal 
discharge  to  full  charge.  It  often  happens,  however,  that  charg- 
ing ift  commenced  when  the  cells  have  more  or  less  residual 
charge,  and  in  this  case  the  rise  in  specific  gravity  will  be  cor- 
respondingly less ;  while  on  the  other  hand  it  will  be  correspond- 
ingly greater  if  the  cells  were  previously  over-discharged.  Again, 
if  unusually  large  containing  cells  enclose  the  piles  (as  the  aggre- 
gation of  electrodes  is  commonly  designated)  the  rise  of  specific 
gravity  will  be  smaller,  and  on  the  other  hand,  larger  if  unusu- 
ally small  containing  cells  are  employed.  As  heretofore  stated, 
a  similar  drop  in  specific  gravity  and  potential  occurs  when  the 
cells  are  discharged,  which  in  degree  has  about  the  same  value  as 
the  rise.  This  variation  in  specific  gravity  is  explained  by  the 
formation  of  lead  sulphate  during  discliarge  which  implies  the 
absorption  of  acid  from  the  electrolyte,  and  by  the  reduction  of 
this  sulphate  during  the  charge  when  the  electrolyte  is  strength- 
ened. 

While  the  method  of  installing  a  single  series  of  accumulators 
in  connection  with  an  isolated  plant,  as  described  and  illustrated 
in  Fig.  3,  fulfils  most  of  the  conditions  required  in  small  plants 
operating  a  single  dynamo,  in  larger  plants  of  a  similar  type  using 
two  or  more  dynamos,  several  series  of  the  largest  cells  may  l>e 
required.  Although  such  an  installation  would  consist  mainly  of 
an  amplification  of  the  system  already  described,  still  there  exists 
a  new  difficulty  not  met  with  in  that  system.  This  arises  from 
the  fact  already  mentioned,  that  when  several  series  of  cells  are 
charged  in  parallel,  any  essential  difference  in  the  amount  of  the 

Digitized  by  VjOOQIC 


ACCUMULATORS  IN  ELECTRIC  LIGHTING. 


401 


residual  charge  in  the  several  series,  results  in  their  allowing  dif- 
ferent amounts  of  current  to  flow  through  them,  although  all  of 
the  series  are  charged  at  the  same  potential.  The  remedy  for  this 
undesirable  result  is  of  the  same  character  as  that  employed  to 
prevent  excessive  pressure  on  the  lamp  circuits,  when  the  dynamo 
which  supplies  them  with  current  is  at  the  same  time  used  to 
charge  accumulators.  In  circuit  with  each  series  of  cells  is 
placed  a  small  adjustable  resistance  coil,  called  a  current  equal- 


izer, a  cheap  practical  form  of  which  is  shown  in  Fig.  5.  It  is 
composed  of  wire  large  enough  to  carry  the  maximum  current  of 
a  single  series  of  cells,  and  usually  has  a  resistance  of  from  j\  to 
3^  of  an  ohm.  Each  series  of  cells  is  also  provided  with  an  am- 
meter, and  upon  the  commencement  of  a  charge  the  current 
equalizers  are  so  adjusted  that  each  ammeter  shows  the  same 
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amomit  of  current  to  l>e  paBsing  through  each  series.  In  urder 
to  avoid  as  mucli  as  possible  any  loss  of  energy  in  the  current 
equalizers,  they  are  all  turned  to  the  non-resistance  point  at  the 
start,  and  resistance  is  then  only  inserted  in  such  series  as  may 
be  taking  more  current  than  others. 

The  general  arrangement  of  an  accumulator  plant  consisting  of 
two  dynamos  and  two  sets  of  batteries  is  illustrated  in  Fig.  6, 
and  a  simple  extension  of  this  plan  only  is  necessary  to  adapt  any 
number  of  series  of  cells  to  a  plant  haying  any  number  of 
dynamos.  It  will  be  seen  that  one  equalizer  circuit  and  one 
charging  circuit  with  its  automatic  cut  out,  are  common  to 
all  the  dynamos  that  may  be  u>ecl.  While  this  airangement 
])ossesses  all  the  flexibility  of  the  method  of  installing  a  single 
series  of  cells  as  shown  in  Fig.  3,  it  has  the  additional  advan- 
tage that  at  such  times  as  the  load  is  below  normal,  a  spare 
dynamo  can  be  exclusively  employed  for  charging  the  cells,  and 
thus  avoid  loss  of  energy  in  the  pressure  equalizer.  As  a  general 
thing  when  the  current  equalizei's,  c  e,  have  once  been  adjusted 
at  the  beginning  of  a  charge  they  need  but  little  if  any  further 
attention,  still  if  from  any  cause  one  series  of  cells  should  happen 
to  be  overdischarged,  or  discharged  more  than  the  remaining  series 
a  suitable  readjustment  of  the  current  equalizers  will  permit  the 
undercharged  series  to  receive  current  at  a  higher  rate  than  the 
others,  and  thus  equalize  itself  with  the  others.  It  may  also  be 
mentioned  that  both  the  pressure  and  current  equalizers  may  be 
made  'to  operate  automatically  by  the  application  of  a  potential 
magnet  to  the  former,  and  of  a  current  magnet  to  the  latter, 
together  with  a  simple  but  somewhat  expensive  train  of  gears 
to  move  their  levers.  This  is  found  to  be  wholly  unnecessary  in 
practice,  however,  as  an  engineer  is  usually  in  constant  charge  of 
such  a  plant  while  the  dynamos  are  running,  and  he  can  easily 
devote  the  little  time  necessary  to  the  infrequent  regulation 
required. 

It  was  mentioned  in  the  early  pai*t  of  this  paper  that  it  was 
possible  to  injure  accumulators  either  by  overdischarging  them 
or  working  them  at  too  high  a  rate.  It  is  assumed  that,  in  the 
larger  plants,  there  will  be  such  supervision  available  under 
ordinary  working  conditions  that  occurrences  of  this  kind  will  be 
avoided ;  but  a  simple  device  for  preventing  such  abuse  of  the 
cells  in  smaller  plants,  where  such  supervision  is  not  always  con- 
venient, has  been  devised.    It  is  called  an  overload  and  over  dis- 
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<;harge  switch,  and  its  operation  is  based  on  the  fact  that,  when  a 
series  of  cells  is  overdischarged,  their  potential  falls  below  a 
minimum  value,  and  that  when  they  are  worked  above  their 
normal  rate  the  current  exceeds  a  maximum  value.     The  appa- 


ratus consists  essentially  of  a  pressure  magnet  connected  to  the 
terminals  of  the  battery,  and  of  a  current  magnet  in  series  with 
the  battery;  when  the   potential   of  the  battery   falls  below  a 
minimum  value,  the  armature  of  tha  potential  magnet  is  released^ 
and  throws  an  artificial  resistance  into  the  battery  circuit,  and 
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thus  reduces  the  current ;  and  similarly,  when  the  current  ex- 
ceeds a  maximum  value,  the  armature  of  the  current  magnet  is 
attracted  and  performs  a  similar  function.  The  connections  of 
this  overload  and  overdischarge  switch,  c  and  p,  are  shown  dia- 
grammatically  in  Fig.  7,  in  which  a  common  resistance,  r,  serves 
for  either  magnet.  The  battery  current  passes  from  a  to  b  through 
the  overload  magnet,  while  the  terminals  of  the  overdischarge 
magnet  are,  as  before  stated,  in  shunt  to  the  battery  terminals. 
In  Fig.  8  is  illustrated  a  practical  form  of  a  combined  overload 
and  overdischarge  switch. 

With  the  object  of  reducing  the  cost  of  the  regulating  appara< 
tns  whenever  both  the  combined  overload  and  overdischarge 
switch  and  the  current  equalizer  are  to  be  used  with  the  same 
series  of  cells,  the  switch  portion  of  the  equalizer  may  be  mounted 
on  the  resistance  frame  ;  and  thus  a  single  resistance  coil  be  made 
to  do  service  for  both  instruments.  This  combination,  of  wliieh 
the  connections  are  shown  in  Fig.  9,  wh'le  allowing  the  current 
equalizer  switch  to  control  the  full  range  of  resistanci*,  at  tlie 
same  time  causes  the  whole  coil  to  l>e  thrown  into  'lie  battery 
circuit  upon  the  oj^ration  of  either  the  overload  or  over  discharge 
switch.  This,  of  course,  diminishes  the  brilliancy  of  the  lamps, 
and  thus  indicates  the  state  of  affairs  to  those  interested. 

In  applying  accumulators  to  plants  operated  on  the  three-wire 
system,  a  simple  extension  of  the  method  already  described  is 
adopted,  except  in  the  case  of  small  stations  requiring  only  one 
series  of  accumulators,  and  where  the  working  circuits  can  be 
multiplied  during  the  light  load,  so  that  the  ordinary  method  will 
suffice.  In  larger  plants  the  batteries  are  installed  in  pairs,  each 
series  having  the  same  apparatus  as  before ;  and  as  this  has  al- 
ready been  fully  explained,  it  will  only  be  necessary  to  add  that, 
in  adapting  two  series  of  cells  to  the  three-wire  system,  the  two 
batteries  are  connected  in  series  in  the  same  manner  that  the 
dynamos  are  connected.  The  general  plan  of  this  arrangement 
is  shown  in  Fig.  10,  from  which  unimportant  details  have  been 
omitted.  At  the  top  of  this  diagram  the  three  horizontal  lines 
M  (+),  M  (±),  and  M  ( — )  represent  the  omnibus  wires  in  the 
dynamo  room,  from  which  the  feeders,  l,  are  led.  The  three 
vertical  lines,  o  (+))  o  (±),  and  o  ( — ),  are  extensions  to  the 
omnibus  wires  to  which  the  dynamos  are  directly  connected  in 
the  usual  manner  when  the  levers  of  the  switches,  S|,  are  on  their 
upper  contacts.     The  batteries  are  also  connected  with  the  omni- 
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bus  wires  in  a  similar  way,  so  that  when  the  switches,  s^,  are 
closed  on  their  lower  contacts  the  batteries  will  also  discharge 
into,  the  lamp  circuits  in  parallel  with  the  dynamos.  Now,  if  tlie 
switches,  Si,  are  turned  to  their  lower  contacts,  and  the  switches, 
S3,  to  their  upper  contacts,  the  current  from  the  dynamos  will 
divide  at  the  switches,  Si,  part  going  into  the  lamp  circuits,  and 
part  through  the  batteries,  which  thus  receive  a  charge.  As  in 
the  multiple-arc  system,  the  potential  of  the  dynamos  being  as- 
sumed to  be  raised  above  the  normal  to  meet  the  requirements  of 
the  batteries,  in  order  to  suitably  reduce  the  pressure  on  the  lamp 
circuits,  it  is  only  necessary  to  adjust  the  resistance  of  the  pressure 


Fig.  19. 

equalizer,  p  b.  In  central  stations  where  the  feeders  are  already 
provided  witli  pressure  equalizers  the  connections  are  still  more 
simple,  for  the  batteries  are  merely  connected  to  the  omnibus 
wires,  while  all  other  connections  of  the  ordinary  three  wire 
station  are  unchanged.  In  such  cases,  the  increased  pressure  at 
which  the  dynamos  are  operated  during  the  time  the  batteries  are 
charging,  is  reduced  at  the  lamps  to  the  proper  point  by  the  usual 
adjustment  of  the  feeder  or  pressure  equalizers.  During  the 
charging  period  all  regulation  of  the  accumulators  may  be  dis- 
pensed with  by  opening  the  switch  Si,  when  both  batteries  will  be 
connected  in  a  single  series  to  the  full  pressure  of  both  dynamos. 
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In  addition  to  the  apparatus  shown  in  tlie  diagram,  each  series  of 
cells  is  provided  with  a  double  ping  switch  and  sockets  suitably 
disposed,  by  means  of  wliich  the  relative  positions  of  the  batteries 
on  the  two  sides  of  the  systeni  may  be  changed  by  simply  trans- 
posing the  plugs  from  one  socket  to  the  other.  The  object  of 
this  arrangement  is  to  provide  means  for  compensating  for  the 
unequal  discharge  of  the  batteries  when  the  two  sides  of  the  lamp 
system  are  unbalanced  ;  and  the  ti'ansposition  is  -  never  made 
oftener  than  once  each  day.  In  all  otlier  respects  the  manipula- 
tion of  accumulators  when  applied  to  three- wire  systems  is  prac- 
tically the  same  as  when  they  are  opeTated  on  the  multiple-arc 
plan.  To  increase  the  accumulator  capacity  of  three-wire  stations, 
double  b^rttcrie6  are  added  in  parallel  to  the  first  set,  just  as 
•  adcjitional  dynamos  would  .be, 

It  was  explained  fnrtlrer  back  that  the  extra,  or  regtilating 
cells,  in  each  series  of t?tt  became  chiirged' soonVt  than  the  re- 
mainQdr  of  the  dells,  and  required  to  be  temoved  from  the  circuit 
before  the  Qthers/  yhis>  operation,  of  course,  calls',  for  some 
labcH" ;  and,  little  a$  it  is,  it  would  still  be  desirable  to  have  tlie 
nundber  of  cells  in  a  series  reipain  fixed  both  during  ^charge  and 
discharge.  By  the  lise  of  what  are  called  counter-electromotive- 
'  force  ^lls,  this  result  may  be  eflFected,  and  at  the  sHine  time  tlie 
pressure  equalizer  be  dierpensed  with.  These  very  simple  cells 
;  are  made  like  an  ordinary  Plants  accumulator  of  plain  .sheets  of 
!  an  inoxidizible  lead  alloy  and  without  active  material.  When  a 
\  cnrrent  is  passed  through  tliem  they  act  as  gas  voltameters,  and 
while*  they  inataotly  oppose  a  counter-electromotive-force  of  about 
two  volts,  they  are  incapable  of  producing  a  current  of  any  appre- 
ciable amount  or  duration  on  account  of  their  inoxidirible  prop- 
erty. The  use  of  counter-electromotive-force  cells  in  place  of 
equalizers  is  advantiigeous  in  several  ways,  for  not  only  may  their 
internal'  resistance  be  made  so  small  as  to  be. practically  negligi- 
ble^ but  their  oounter-electromotive-force  is  as  efiFectual  in  reduc- 
ing excessiv-e  pressure  as  a  dead  wire  resistance,  while  poesessing 
the  unequaled  advantage  that  the  fall  in  potential  of  the  current 
passing  through  them  is  unaffected  by  any  variation  in  the 
strength  of  such  current. 

The  method,  of  .using  these  counter-electromotive-force  cells  is 
shown  in  Fig.  11,  which  represents  a  single  series  of  accumulators 
installed  in  connection  with  a  direct  lighting  plant  operating  one 
dynamo,  as  first  described,  and  for  simplicity  and  eilectiveness 
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this  method  cannot  be  well  exceeded.  The  dynamo  ia  connected 
to  the  lamp  mains,  as  before,  through  an  ammeter  on  one  side^ 
and  through  the  upper  contact  of  a  two-way  switch,  s,  on  the 
other;  while  the  battery,  b,  is  similarly  connected  to  the  lamp 
mains  on  one  side,  but  on  the  other  the  circuit  is  completed 
through  several  counter-electromotive-force  cells,  k,  the  number 
opposed  being  governed  by  the  position  of  the  cell  regulating 
switch,  c  s.  When  the  lever  of  switch  s  is  on  its  lower  contact, 
tlie  charging  circuit  is  completed  in  the  now  familiar  manner. 
Tlie  action  of  a  plant  arranged  in  the  above  way  is  as  follows : — 
Assuming  the  lever  of  the  <jell-regulating  switch  to  be  turned  off, 


Fig.  20. 


or  open,  as  the  expression  goes,  and  that  the  dynamo  switch  is  on 
its  upper  contact,  the  dynamo  alone  supplies,  current  to  the  lamp 
•circuits.  If,  now,  the  lever  of  the  cell-regulating.8witch  is  turned 
to  its  left  hand  contact  plate,  the  battery  will  be  similarly  supply, 
ing  current  to  the  lamp  circuits  in  conjunction  with  the  dynamo, 
or  alone  if  the  dynamo  switch  is  opened.  If  the  dynamo  switch 
is  now  turned  to  its  lower  contact,  the  dynamo  current  will  divide 
at  the  point  where  it  connects  between  the  battery  and  counter- 
electromotive-force  cells,  part  going  through  the  battery  and  back 
to  the  dynamo  through  the  ( — )  lamp  main,  while  the  remainder 
will  pass  through    the   counter^lectromotive-for^(j^^^^lie 
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lamps.  Thus,  while  the  full  pressure  of  the  dynamo  cnrrent  will 
be  effective  at  the  battery  terminals,  its  pressure  at  the  lamps  will 
be  less  by  2,  4,  6,  etc.,  volts,  according  as  1,  2,  3,  etc.,  counter- 
electromotive-force  cells  are  opposed  to  the  passage  of  the  current 
into  the  lamps  by  the  position  of  the  lever  of  the  cell-regulating 
switch. 

When  the  battery  has  been  fully  chai^ged  and  it  is  desired  to 
stop  the  dynamo,  the  latter  may  be  disconnected  by  opening  the 
switch  Si,  when  the  battery  alone  will  maintain  the  lamps.  As 
previously  explained,  tlie  potential  of  the  battery  will  be  a  maxi- 
mum immediately  after  it  has  received  a  charge,  so  that  in  this 
case  if  the  battery  has  the  usual  allowance  of  extra  cells  its  poten- 
tial will  be  higher  than  the  lamps  require.  More  or  less  of  the 
counter  b.  m.  f.  cells  may  now  be  inserted  in  the  lamp  circuit, 
however,  until  the  potential  is  suitably  adjusted.  Although  dur- 
ing the  greater  part  of  the  discharge  the  e.  m.  p.  of  the  battery 
will  remain  fairly  constant,  if  discharged  to  its  limit  the  potential 
will  slowly  fall  towards  the  end,  and  this  fall  must  be  compensa- 
ted for  by  removing  one  or  more  of  the  counter  e.  u.  f.  cells  from 
the  lamp  circuit. 

It  is  to  be  noted  that  by  means  of  the  above  metliod,  the  num- 
ber of  cells  in  the  battery  proper  is  fixed  and  unalterable  during 
both  the  charge  and  discharge,  and  that  whenever  the  dynamo  is 
supplying  current  to  the  lamps,  its  surplus  current  is  always  avail- 
able for  charging  the  battery ;  moreover,  only  one  adjustment  of 
the  counter  s.  m.  f.  regulating  cells  opposed  to  the  lamp  current 
will  be  required.  It  is  obvious  that  counter  e.  m.  f.  cells  may  be 
substituted  with  equal  effectiveness  for  the  equalizer  and  regu- 
lating cells  employed  in  all  the  previously  described  systems,  and 
it  seems  unnecessary  to  go  into  any  further  particulars  in  order  to 
illustrate  the  practicability  of  such  systems  when  properly  in- 
stalled and  operated. 

We  have  now  to  consider  another  branch  of  the  electric  light* 
ing  business,  in  which  accumulators  also  claim  a  share  of  atten- 
tion, viz.: — the  supplying  of  current  to  lamps  located  at  a  consid- 
erable distance  from  the  source  of  power. 

The  first  method  to  be  considered,  is  known  as  the  half  direct 
plan,  in  which  one  or  more  series  of  cells  are  installed  in  any 
number  of  sub-stations  conveniently  located  near  centres  of  lamp 
consumption.  The  charging  station  may  be  situated  wherever 
economy  dictates,  without  any  special  reference  to  the  location  of^ 
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tlie  batteries,  for  although  tlie  expense  of  the  charging  wire  and 
the  cost  of  the  energy  wasted  in  it,  cannot  be  neglected,  both 
these  factors  must  be  offset  by  the  saving  effected  from  locating 
the  power  station  in  the  mo>t  desirable  situation.  This  half  di- 
rect system  is  so  called  because  during  the  period  of  maximum 
load  half  the  current  is  supplied  by  the  charging  dynamo,  and 
half  by  the  batteries.  At  other  times  the  dynamo  may  be  simul- 
taneously charging  the  batteries  and  supplying  lamps,  or  the 
battery  alone  may  be  in  operation.  Each  sub-battery  station  is, 
in  fact,  a  small  central  stf^tion  by  itself,  and  it  may  contain  one  or 
several  series  of  cells,  the  number  of  course,  depending  upon  the 
amount  of  lighting  to  be  done  in  its  vicinity.  A  common  charging 
main,  like  an  arc  light  circuity  passes  through  each  sub-station. 


Fig.  21, 

and  eacli  battery  may  be  inserted  in  the  main  or  withdrawn  frotu 
it  at  will,  exactly  as  arc  lamps  are  cut  in  and  out  of  circuit.  The 
charging  dynamo  is  usually  of  high  voltage  and  of  moderate  cur- 
rent  capacity ;  machines  of  500  volts  and  15  amperes  to  1,200 
volts  and  40  amperes  may  be  employed  in  small  stations,  while  in 
larger  ones  the  latter  machines  and  their  circuits  may  be  multi- 
pl'ed.  For  charging  purposes  shunt  wound  dynamos  are  pre- 
ferable  on  account  of  their  non-reversibility,  but  even  series  atid 
compound  wound  machines  may  be  used  if  suitable  precautions 
are  taken.  The  arrangement  of  the  accumulators  and  regulating 
apparatus  in  each  sub-station  on  the  half  direct  system  is  essenti- 
ally the  same  as  the  method  adopted  in  the  last  described  multiple- 
arc  system.  The  connections  of  two  sub-stations  installed  ontliis 
plan  are  shown  in  Fig.  12,  in  which  station  1  is  shown  witli  its 
switches  in  position  for  both  its  battery  and  lamp  circuits  to  re- 
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ceive  current  from  the  charging  circuit ;  while  station  2.  is  dis* 
connected  from  the  charging  line,  which  is  closed  outside  of  it, 
and  the  batteries  alone  supply  the  lamp  circuits.  The  switch 
which  is  employed  to  throw  the  batteries  into  and  out  of  the 
charging  circuit  is  of  the  snap  action  type,  and  is  sometimes  called 
a  consumer's  switch.  It  maintains  the  integrity  of  the  charging 
circuit  when  the  batteries  are  removed  from  it,  and  is  provided 
with  a  spark  coil  which  prevents  the  opening  of  the  charging  line 
and  the  consequent  formation  of  the  injurious  arc  which  results  on 
the  interruption  of.  high  potential  circuits.  A  modified  practical 
form  of  this  switch  is  illustrated  in  Fig.  13.  As  shown  dia- 
grammatically  in  the  sketch,  it  consists  in  the  main  of  four  termi- 
nal contact  springs  which  bear  against  an  insulated  cylinder  in 
which  are  embedded  two  rows  of  metallic  contact  strips.  In  one 
position  the  two  J(?ft  hapd  and  the;  two  right  hand  springs  are 
brought  into  electrical  contact,  but  if  thei  cylinder  is  rotated 
slightly  the  two  middle^  springs  will  be j  brought  into  electrical 
contact,  while  the  two  outer  ones  are  left  free,  as  shown  respect* 
ively  at  r  and  Rp  As-biefore  stated,,  this  change  is  eflEected  rapidly 
and  without  breaking  tl»e  circuit.  These  switches  are  usually 
oj^erated  by  hand  at  the  beginning  and  encjof  ^  charge,  at  which 
time  whatever  iuspectioa-of.  the  cells  is  necessary  is  also  generally 
made.  By  applying  the  polarized  magnet  principle  to  this  switch 
it  can  be  made  to  oper^t^  automatically  from  the  central  station 
through  a  momentiiry  revei'sal  of  the  cliarging  current,  a  prin- 
ciple which  has  already  been  applied. 

While  the  method  just  described  of  locating  tJie  batteries  in 
sub-stations  near  the  lamps  to  be  supplied^  reduces  the  resistance 
of  the  supply  wires  to  such  an  extent  that  the  variation  of  poten- 
tial with  changes  in  current  strength. is  uniniportant  compared 
with  what  it  would  be  were  all  the  lamps  operated  from  one  cen- 
tral point,  under  ordinary  conditions,  etill  a  siniilar  variation  does 
occur  from  a  different  cause.  We  have  already  seen  that  j;he 
potential  of  a  battery  is  higher  while  it  is  being  charged  than  at 
other  times,  and  that  the  greater  tlifi  charging  current  the  higher 
the  potential  of  the  battery  becomes.  It  is  evident  that  if  charg- 
ing commences  when  only  a  very  few  lamps  are  burning  on  a 
given  battery  only  a  small  part  of  the  charging  current  will  be 
required  by  the  lamps,  while  the  greater  part  will  pass  through 
the  battery.  This  will  raise  the  potential  of  the  battery  consider- 
ably, and  as  the  lamp  mains  are  permanently  connected^^^its 
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terminals,  the  lamps  will  receive  an  excessive  pressure.  As  the 
number  of  lamps  increases,  however,  more  of  the  charging  cur- 
rent will  pass  to  them  and  less  through  the  battery,  the  potential 
of  which  thus  becomes  gradually  reduced  until  it  reaches  a  min- 
imum, when  the  number  of  lamps  burning  becomes  so  great  that 
the  whole  output  from  both  the  dynamo  and  battery  is  required 
to  maintain  them.  The  variation  is  in  the  opposite  direction,  of 
course,  when  the  lights  are  diminishing  in  number.  It  is  evident 
from  the  preceding  facts  that  during  the  period  when  the  charg- 
ing dynamo  is  running  and  the  lamp  loads  are  varying,  some 
regulation  of  the  pressure  at  the  lamp  mains  at  each  sub-station 
is  required.  This  regulation  is  automatically  effected  by  means 
of  the  apparatus  shown  in  Fig.  14,  in  which  a  solenoid  magnet, 
A  R,  and  a  polarized  magnet  p  m,  are  inserted  in  the  battery  cir- 
cuit. In  all  other  respects  the  relative  positions  of  the  battery, 
lamps  and  charging  circuits  remain  unaltered  from  the  arrange- 
ment shown  in  the  last  diagram.  The  operation  of  the  apparatus 
in  this  sub-station  will  be  as  follows: — Assuming  the  charging 
dynamo  to  be  delivering  a  current  through  the  charging  main,  m, 
and  that  the  consumer's  switch  is  in  the  position  shown  in  the 
diagram,  the  charging  current  will  pass  from  m  (+)  to  the  point 
Q,  where  it  will  divide,  part  going  through  the  lamps  and  the 
opposed  counter-electromotive-force  cells,  k,  to  the  point  i ,  and 
thence  to  the  line  again,  the  remaining  part  of  the  current  pass- 
ing from  point  q  through  the  magnets  v  m  and  a  r,  and  out 
through  the  battery  to  point  l  and  line.  Wlien  the  current  is 
flowing  in  the  direction  of  the  arrow,  as  in  the  case  just  cited,  the 
armature  of  tlie  polarized  magnet  is  moved  to  its  left  hand  con- 
tact as  shown,  and  the  plunger  of  the  solenoid  magnet  is  more  or 
less  drawn  down,  according  to  the  strength  of  the  current.  This 
action  of  the  solenoid  magnet  causes  one  or  more  counter-electro- 
motive-force cells  to  be  inserted  in  the  lamp  circuit  in  such  a  way 
as  to  oppose  their  electromotive  force  to  that  of  the  charging  cur- 
renty  while  the  full  pressure  of  this  current  is  available  at  the 
battery  terminals.  If  now  the  number  of  lamps  is  increased  to 
such  an  extent  that  not  only  all  of  the  charging  current  passes 
through  them,  but  also  that  more  or  less  current  from  the  battery 
joins  in  parallel  with  it ;  then  the  current  from  the  battery  will 
traverse  the  polarized  magnet  in  the  opposite  direction  from  that 
previously  taken  by  the  chai^ng  current,  and  its  armature  will 
be  moved  against  its  right  hand  contact,  thus  short  circuiting  the 
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solenoid  magnet  and  the  counter-electromotive-force  cells,  as  in- 
dicated by  the  broken  line.  For,  as  the  sketch  shows,  the  lever 
of  the  solenoid  magnet  is  so  balanced  that  when  no  current  is 
traversing  the  magnet,  its  metallic  contact  rods  all  dip  into  their 
respective  mercury  cups,  and  so  shunt  around  the  counter-electro- 
motive-force cells  with  which  the  latter  are  in  electrical  connec- 
tion. When  the  lamp  load  becomes  reduced  and  the  charging 
current  is  discontinued  either  by  the  stoppage  of  the  dynamo,  or 
by  its  being  shunted  past  that  particular  battery  by  a  movement 
of  the  switch  s  to  the  right,  the  battery  alone  works  into  the  lamp 
circuit,  and  the  counter-electromotive-force  cells  are  short  cir- 
cuited. 

While  the  automatic  regulator  just  described,  when  applied  to 
the  half  direct  system,  maintains  the  pressure  at  the  lamps 
sufficiently  uniform  for  practical  purposes,  whether  the  charging 
dynamo  is  operating  or  not,  and  although  the  proximity  of  the 
battery  to  the  lamps  it  supplies,  prevents  undue  variation  of 
potential  when  the  load  changes;  yet  a  perfectly  automatic 
method  of  maintaining  a  constant  potential  at  the  lamp  circuits, 
even  where  the  resistance  of  the  leads  is  great,  would  be  generally 
useful.  Such  a  method  is  illustrated  in  Fig.  15,  in  which  the 
battery,  counter-electromotive-force  cells,  lamps  and  charging 
circuits  occupy  the  same  relative  positions  as  before.  The  sole- 
noid magnet  of  tlie  regulator  is  no  longer  in  series  with  the  bat- 
tery, however,  and  is,  in  fact,  entirely  disconnected  from  it,  while 
the  polarized  magnet  is  replaced  by  a  second  solenoid  magnet, 
p  M,  wound  to  high  resistance.  The  armature  lever  of  this 
second  solenoid  is  so  mounted  that  when  its  core  is  attracted  or 
released  this  lever  moves  over  a  series  of  contact  strips  which  are 
insulated  from  each  other.  Connected  with  these  contact  strips 
are  coils  of  wire  of  suitable  resistance,  the  whole  constituting  a 
simple  rheostat,  more  or  less  of  the  wire  of  which  is  included  in  a 
local  circuit,  according  to  the  position  of  the  lever  which  acts  as 
a  movable  contact.  The  solenoid  magnet  of  the  regulator  a  b 
and  one  or  two  cells  of  accumulators  are  also  included  in  the  local 
circuit  referred  to,  the  strength  of  the  current  flowing  in  this  cir- 
cuit depending  upon  the  amount  of  resistance  inserted  by  the 
movement  of  the  lever  of  the  pressure  magnet  p  m.  The  latter 
magnet  is  connected  directly  with  the  battery  terminals,  and  as 
the  potential  of  the  battery  rises  and  falls  the  current  flowing 
through  this  magnet  varies  correspondingly,  causing  a  similar 
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variation  in  tlie  current  in  the  local  circuit.  Thus  an  increase  of 
pressure  at  the  lamps,  which  are  connected  to  tlie  battery  termi- 
nals, indirectly-  causes  the  armature  of  the  regulating  magnet  a  r 
to  be  attracted,  and  this  in  turn  opposes  one  or  more  counter-elec- 
tromotive-forcecells  in  the  lamp  circuit  until  the  pressure  again 
becomes  normal.  If  the  pressure  at  the  lamps  falls  below  normal 
jthe  regulator  acts  in  tlie  reverse  way,  cutting  out  the  counter- 
electromotive-force  cells  until  the  normal  prssuro  is  again 
restored.  If  m  connection  wirb  tlii-*  method  the  polarized 
consumer's  switch,  previously  uientioneil,  be  substituted  at  s,  the 
operation  of  such  a  sub-station  will  be  entirely  automatic. 

It  is  proper  to  mention  that  the  pressure  magnet  mu-^t  be  very 
sensitive  and  requires  a  delicate  adjustment,  besides  being  some- 
what costly  on  account  of  the  excellence  of  the  workmanship  re- 
quired. Although  I  have  only  seen  the  instrument  used  in  an 
experimental  way,  its  practical  application  to  similar  purposes  has 
given  satisfactory  results. 

Under  certain  circumstances,  as,  for  example,  when  a  lighting 
stati  )n  is  worked  to  its  full  capacity  at  ni^ht  but  during  the  day 
time  has  ample  surplus  power,  the  all-accumulator  system  may 
often  be  applied  to  increase  the  capacity  of  such  a  station  with 
satisfactory  results.  In  such  cases  the  sub-stations  of  accumula- 
tors are  located  at  distant  points  in  the  usual  way,  the  cells  being 
charged  during  the  day  and  discharged  on  the  lamp  circuits  at 
night  while  the  power  plant  is  doing  its  regular  work.  The  ar- 
rangement of  the  accumulators  and  regulating  apparatus  in  the 
8.;b-stations  of  the  all-accumulator  systems  is  practically  the  same 
as  when  the  half  direct  system  is  employed,  except  that  a  simple 
transfer  switch  which  transfers  the  battery  from  the  lamp  circuit 
to  the  charging  circuit,  and  vice  t'ersa^  is  used  instead  of  the  con- 
sumer's switch. 

It  is  needless  to  say  that  all  of  the  methods  which  have  been 
described  of  employing  accumulators  in  long-distance  lighting 
may  be  adapted  to  existing  lighting  plants,  and  that  when  so 
adapted  the  earning  capacity  of  such  stations  may  be  considerably 
increased  without  extending  the  capacity  of  the  power  plant.  For 
this  purpose  there  will  usually  be  required  a  special  dynamo  at 
the  central  station,  a  charging  circuit  taking  in  the  territory  out- 
side of  the  regular  lighting  limits,  and  one  or  more  suhnstations 
with  accumulators. 

There  are,  of  course,  numerous  other  ways  of  utilizing  accu- 
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muIatoTB  in  central  station  supply  systems,  snch,  for  example,  as 
the  double  battery  method  now  operated  in  England  by  the  Elec- 
trical Power  Storage  Co.,  in  which  the  dynamos  are  kept  running 
for  24  hours  daily,  duplicate  sets  of  accumulators  being  alter- 
nately inserted  in  the  charging  and  supply  circuits  at  uniform  in- 
tervals of  time,  by  an  automatic  mechanical  device.  But  I  have 
limited  this  paper  to  a  description  of  some  of  the  simpler  methods 
of  accumulator  regulation  which  may  be  readily  adapted  to  ordi- 
nary lighting  plants,  and,  in  concluding,  can  only  hope  that  I  have 
succeeded  to  some  extent,  at  least,  in  showing  that  when  so  ap- 
plied in  an  intelligent  manner  accumulators  do  occupy  a  useful 
place  in  the  industry  of  electric  lighting. 

Through  the  courtesy  of  the  Electrical  Accumulator  Co.,  I  am 
enabled  to  present  to  the  Institute  this  evening  the  first  pro<»fs  of 
some  cuts  of  a  new  line  of  standard  accumulators  recently  brought 
out  by  that  company.  The  cells  referred  to  are  shown  in  Figs. 
16  to  21  inclusive,  and  their  dimensions  and  capacities  are  de- 
Bcribed  in  the  following  table: — 
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DISCUSSION. 


Mr.  Pbbscott  : — (continuing  orally).  There  is  another  method 
of  automatically  maintaining  a  constant  potential  at  the  lamp 
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Fig.  22. 

mains,  which  for  special  reasons,  I  had  not  intended^to  allude  to. 
It  ie  60  interesting,  however,  that  I  will  make  a  sketch  of  it  on 
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the  blackboard.  In  this  diagram  (Fig.  22)  the  lamp  circuits  l,  are 
shown  at  the  top,  leading  from  the  mains  (+)  and  ( — ).  Connected 
across  the  lamp  mains,  preferably  at  a  point  of  average  potential, 
is  the  solenoid  magnet  p  m,  which  is  wound  with  fine  wire.  The 
position  of  the  plunger  or  armature  of  this  magnet  is  so  adjusted 
by  means  of  the  retractile  spring  /,  that  when  the  pres- 
sure is  normal,  the  contact  lever  j?,  carried  by  the  plunger,  is 
midway  between  the  local  contact  points  w,  n^ .  Probably  most  of 
my  hearers  are  familiar  with  the  Kohlrausch  voltmeter,  which  is 
constructed  on  this  principle  of  the  solenoid  magnet,  and  are 
aware  that  while  it  is  not  an  entirely  reliable  instrument  on  account 
of  variable  friction  and  hysteresis,  it  still  has  a  wide  range  and  is 
very  sensitive  when  the  plunger  occupies  a  given  position.  Now 
this  magnet  p  m  depends  on  this  fact,  and  only  needs  to  be  accurate 
for  one  position  of  its  core.  If,  for  example,  the  magnet  is  wound 
for  100  tolts,  then  when  it  is  connected  with  two  points  in  the  lamp 
circuit,  having  a  difference  of  potential  of  100  volts,  the  core  will 
occupy  a  certain  position.  If  the  pressure  exceeds  100  volts  the  core 
will  be  drawn  into  the  magnet.  If  the  pressure  falls  below  100  volts 
the  core  will  be  withdrawn  by  the  retractile  spring.  This  core  of 
the  pressure  magnet  is  suspended  from  the  adjustable  shaft  i  on 
the  spring/,  and  carries  the  local  contact  arm  j?,  on  its  upper  end. 
When  the  core  is  drawn  into  the  magnet  this  is  brought  into  con- 
tact with  the  screw  n*,  and  when  it  is  drawn  out  by  the  spring, 
contact  is  made  with  the  screw  n.  So  long  as  the  pressure  remains 
normal,  the  contact  arm  remains  midway  between  the  screws  n, 
7i\  for  which  position  the  primary  adjustment  must  be  made.  If 
now  the  pressure  becomes  either  excessive  or  below  normal  the 
circuit  of  the  local  battery  b  will  be  closed  respectively  through 
one  or  the  other  of  the  local  solenoid  magnets  h,  m^  The  cores  of 
these  local  magnets  are  attached  to  a  balanced  lever  a  at  equal 
distances  from  and  on  opposite  sides  of  its  point  of  suspension, 
and  the  whole  constitutes  a  simple  modification  of  the  regulator 
shown  in  Figs.  14  and  15  of  the  paper.  The  necessary  weight  of 
the  lever  on  the  side  carrying  the  contact  rods  which  dip  into  the 
mercury  cups  q.  y.,  etc.,  is  compensated  for  by  extending  the  lever 
for  an  equal  distance  on  the  opposite  side  of  its  fulcrum,  and  by 
adding  a  suitable  counter  weight  w. 

The  operation  of  this  apparatus  requires  that  the  lever  should 
remain  quiescent  in  whatever  position  it  may  be  drawn  by  the 
action  of  either  magnet  m  or  magnet  m^  ;  and  that,  moreover  any 
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.  movement  of  the  lever  at  all,  tending  to  make  or  break  contact 
with  the  mercury  cups,  should  be  very  gradual.  Both  of  these 
results  are  accomplished  by  introducing  a  slight  friction  at  the 
point  of  suspension  of  the  lever  and  by  adding  a  carefully  adjust- 
ed dash-pot  D,  in  the  manner  shown  in  the  sketch.  Thus  while 
the  slight  friction  alluded  to  causes  the  lever  to  remain  at  what- 
ever angle  it  may  be  placed,  the  dash-pot  prevents  the  lever  from 
moving  except  very  slowly  to  whatever  position  the  action  of 
either  magnet  may  tend  to  set  it. 

The  function  for  which  this  regulator  is  employed  is  precisely 
the  same  as  that  performed  by  the  somewhat  similar  regulator 
shown  in  Fig.  14  and  15,  viz. :  to  insert  in  and  withdraw  from  the 
main  lamp  circuit  more  or  less  counter-electromotive-force  cells  k, 
according  as  the  pressure  at  the  lamp  terminals  exceeds  or  falk 
short  of  the  normal.  The  regulator  acts  in  the  following  manner : 
Assuming  the  potential  to  be  normal,  the  local  contact  lever  ^  will 
stand  midway  between  the  contact  points  n,  n*,  and  the  regulator 
lever  a  will  be  horizontal  as  shown  in  the  diagram.  Now  if  the 
potential  at  the  lamps  increases,  the  core  of  the  pressure  magnet  p  m 
will  be  drawn  down  until  it  closes  the  local  circuit  through  n'  and 
magnet  m  and  this  latter  magnet  will  slowly  tilt  the  lever  ^  towards 
its  side,  and  thus  cause  first  one  and  then  another  of  the  counter- 
electromotive-force  cells  to  be  inserted  in  the  lamp  main,  thereby 
reducing  its  potential.  When  a  sufficient  number  of  cells  have 
been  inserted  in  the  lamp  circuit  in  this  manner,  to  reduce  the 
pressure  again  to  normal,  the  core  of  the  pressure  magnet  again 
resumes  its  normal  position,  breaking  the  local  contact  at  n\ 
while  the  lever  j?  continues  to  remain  in  its  new  position.  If» 
from  any  cause,  the  pressure  at  the  lamps  now  falls  below  normal, 
the  attractive  power  of  the  solenoid  p  m  will  become  corres- 
pondingly reduced,  and  the  retractile  spring^,  will  draw  up  the 
core  until  the  contact  lever  ^  closes  through  the  point  n,  the 
local  battery  circuit  through  the  magnet  m*.  This  causes  the 
lever  to  be  gradually  tilted  in  the  opposite  direction  from  before, 
and  therefore  to  cut  out  of  circuit  one  or  more  counter-electro- 
motive-force cells  until  the  normal  pressure  at  the  lamps  is  again 
restored. 

It  will  be  seen  that  this  regulator  thus  automatically  maintains 
a  constant  pressure  at  the  lamp  terminals,  irrespective  of  the  fact 
whether  variations  of  this  pressure  are  caused  by  the  charging 
current,  or  by  the  resistance  of  the  leads  w^€|n^1^^JgjiQgi^lo|wi 
is  altered. 
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Mk.  Townsend  TVolcott: — Mr.  Prescott  seems  to  place  a  great 
deal  of  reliance  upon  the  voltage  of  the  battery  as  an  indication 
of  the  amount  of  charge  left  in  it.  If  a  battery  is  discharged  in 
just  a  given  manner,  as  far  as  my  experience  goes,  the  voltage 
will  be  determinate,  but  the  higher  the  rate  of  discharge  the 
sooner  a  low  voltage  is  reached,  and  it  is  possible,  just  for  experi- 
mental purposes,  to  discharge  a  battery  at  so  low  a  rate  as  never 
to  reach  1  8-10  volts,  or  even  to  go  below  say  1  9-10.  In  fact,  I 
think  by  very  slow  discharge  you  could  keep  above  1  9-10  and 
still  discharge  so  far  as  to  spoil  the  battery.  I  suppose  in  prac- 
tice the  rate  of  discharge  averages,  in  the  class  of  work  which  is 
described,  somewhere  nearly  constant,  and  the  voltage  may  be  a 
more  valuable  indication  than  it  would  be  in  traction  work,  or  work 
of  that  character  with  which  I  am  more  familiar.  I  know  in  the 
Julien  Company's  work  at  Eighty-sixth  street  the  voltage  was  no 
indication  whatever  of  the  charge  left  in  the  cells.  There  was  a 
method  which  Mr.  J  ulien  introduced  himself.  The  cells  were  di- 
vided into  four  groups,  used  sometimes  in  parallel  and  sometimes 
in  series,  and  some  of  them  would  naturally  be  used  more  than* 
others.  So,  in  order  to  equalize  them,  the  four  groups  were 
connected  in  parallel  with  each  other,  without  any  motor  connec- 
tion, the  idea  being  that  the  cells  at  the  higher  potential  would 
charge  those  at  a  lower  potential;  but  as  a  matter  of  fact  nothing 
of  the  kind  occurs.  After  a  few  moments  and  a  very  slight  dis- 
charge from  the  higher  ones,  they  all  come  to  the  same  potential, 
and  where  the  cars  were  stuck  on  a  grade,  by  waiting  a  few  mo- 
ments we  would  be  able  to  go  up  the  grade,  or  any  tight  place. 
This  is  another  analogy  to  the  animal  that  Mr.  Prescott  spoke  of* 
By  letting  the  battery  rest,  it  gains  sufficient  energy  to  go  up  the' 
grade. 

Mr.  Pkescott: — The  point  Mr.  Wolcott  makes  is  perfectly 
correct,  and  unless  the  batteries  are  used  under  normal  or  some- 
where near  normal  conditions,  the  potential  alone  is  no  indication 
of  their  charge.  In  the  case  where  they  are  working  at  an  unu- 
sually high  rate,  or  discharging  at  a  low  rate,  both  the  specific 
gravity  and  the  potential  would  have  to  be  taken  into  account. 
There  the  specific  gravity  would  be  the  surest  indication. 

In  regard  to  connecting  several  cells  in  parallel,  I  pointed  out 
in  the  paper  that  where  you  are  charging  batteries  in  parallel  and 
one  set  is  more  charged  than  another,  the  lower  set  does  take 
more  current  for  a  while,  but  eventually  its  potential  comes  up 
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to  the  others.  Therefore  we  are  oWiged  to  have  the  regulating" 
device  I  spoke  of,  otherwise  the  potential  and  electromotive 
force  mnst  both  be  taken  into  account  to  determine  the  condition 
of  the  batteries. 

The  Cuaibmak  (Vice-President  T.  C.  Martin) : — In  case  there 
are  gentlemen  here  not  members  of  the  Institute  desirous  of 
asking  questions,  we  should  be  glad  to  have  them  do  so.  We 
have  wifh  us  here  one  or  two  gentlemen  who  have  been  abroad 
recently,  and  have  seen  some  of  those  storage  battery  stations  in 
London  working  on  analogous  principles  to  those  described  here. 
I  think  it  would  be  interesting  if  we  could  be  furnished  with  in- 
formation as  to  what  has  been  practically  achieved  at  those 
stations.  Keference  has  also  been  made  to  storage  batteries  as 
replacements  for  some  of  the  apparatus  in  use.  We  have  with  us 
gentlemen  who  are  connected  with  stations  using  such  system.^. 
I  think  it  would  be  useful  to  know  their  opinion, 

Mb.  John  W.  Howell: — The  first  thing  I  would  like  to  say, 
is,  to  congratulate  Mr.  Prescott  on  the  work  he  has  done.  I  ani 
sure  what  he  has  shown  us  here  has  been  the  one  thing,  the  absence 
of  which  has  stood  in  the  way  of  storage  battery  success  in  the 
past.  I  have  had  something  to  do  with  storage  battery  plants 
installed  by  the  Electrical  Accumulator  Company  and  I  knew 
that  their  lack  of  success  at  that  time  was  due  to  the  absence  of 
what  Mr.  Prescott  has  shown  here.  At  a  previous  meeting  of 
the  Institute,  in  the  discussion  of  a  paper,  I  said  a  storage  battery 
was  capable  of  being  regulated  beautifully,  but  that  it  was  not 
done  at  that  time.  I  am  glad  to  see  that  it  is  going  to  be  regu- 
lated, because  it  is  a  most  valuable  adjunct  of  the  systems  now  in 
uae  and  properly  regulated,  its  value  cannot  be  overestimated. 

Mb.  Pbesoott  : — I  might  say  incidentally  that  the  use  of  these 
counter-electromotive-force  cells  would  prove  by  themselves  a 
great  convenience  and  would  be  verv  economical  in  all  central 
stations  in  which  equalizers  are  now  employed.  Of  course,  there 
is  a  little  loss  of  energy  in  them,  but  the  great  advantage  is  that 
variations  in  the  load  would  not  require  variations  in  the  adjust- 
ment of  a  number  of  counter-electromotive-force  cells  in  circuit. 
80  this  fonn  of  regulator  is  applicable  to  any  lighting  system 
whether  storage  battery  or  direct. 

Mb.  Howell  : — The  only  objection  to  the  substitution  of  a 
counter-electromotive-force  cell  for  an  equalizer,  would,  I  thinks 
be  the  fact  that  it  is  wet.  ,  .  . 
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The  Seoketaby  : — I  would  like  to  inquire  of  Mr.  Prescott  if 
the  Automatic  device  shown  in  Fig.  15  is  considered  a  .perfectly 
practical  arrangement,  or  whether  the  delicacy  he  spoke  of  would 
not  tend  to  operate  against  its  general  introduction.  That  is  the 
case  very  often  in  devices  of  that  kind. 

Mb.  Pbesoott  : — In  regard  to  that  I  would  say  that  while  I 
think  it  could  be  made  to  operate  practically  it  would  be  ex- 
pensive and  rather. complicated  and  this  device  that  I  have  shown 
in  Fig.  22  accomplishes  the  same  purpose  in  a  simpler,  and  I 
think,  more  efficient  manner.  The  other,  as  a  laboratory  appara- 
tus, I  have  seen  work,  but  as  a  commercial  appliance  1  doubt 
whether  it  will  work  with  complete  success. 

Mb.  Joseph  Wetzleb: — Some  reference  having  been  made  to 
work  going  on  in  London  in  the  distribution  of  current  by  stor- 
age batteries,  I  would  like  to  state  that  there  are  two  stations 
there  now,  which  have  been  under  way  for  several  months ;  one 
in  fact  has  been  running  for  a  year  or  two.  This  station,  which 
has  been  running  the  longer  time — the  Knightsbridge  station — 
is  under  the  control  of  Mr.  Crompton.  They  have  been  running 
very  successfully,  so  much  so  that  they  are  now  enlarging  their 
plant  very  considerajbly.  Where  they  formerly  used  but  one 
wire,  they  are  now  running  a  three-wire  system  underground  in 
a  shallow  conduit  with  bare  conductors.  The  appliances  in  this 
station  are  very  simple  indeed,  and  are  all  regulated  by  hand, 
both  at  the  main  station  and  the  sulnstations.  The  station  which 
seemed  to  be  more  modern  in  the  respect  of  automatic  regulation 
is  at  Chelsea,  where  Mr.  Frank  King,  well-known  in  connection 
with  storage  batteries,  is  engineer  in  charge.  In  that  station  the 
whole  operation  of  charging  and  discharging,  both  at  the  main 
and  the  sub-stations,  is  done  automatically,  and  I  must  say  that 
the  equipment  of  the  stations  is  very  elaborate  indeed  in  the  mat- 
ter of  switches  and  connections.  Indeed  it  would  require  an 
elaborate  explanation  to  show  the  various  functions  of  the  appa- 
ratus. Among  others,  it  embodied,  as  a  method  of  regulation, 
the  discharge  and  accumulation  of  gas  evolved  from  a  cell  in  a 
bell  jar  which  gave  indication  of  the  time  for  the  complete  dis- 
charge of  the  batteries  by  raising  the  jar  and  cutting  it  out  from 
the  charging  circuit.  That  was  only  an  incident,  however.  The 
station  has  been  in  operation  for  several  months,  and  I  was  shown 
some  of  the  sub-stations  also,  which  were  in  charge  of  boys,  one 
of  whom  told  me  that  he  was  getting  a  pound  a  week.    He  was 
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the  only  attendant  at  the  snb-station.  His  functions  were  merely 
nominal,  as  at  the  sub-station,  also  all  the  regulations  were  per- 
formed automatically.  I  must  also  add  my  quota  to  what  Mr 
Howell  has  remarked  regarding  this  paper,  which  I  consider  one 
of  the  best  I  have  ever  had  the  pleasnre  of  listening  to  or  reading. 

The  Chairman  : — My  own  opinion  with  regard  to  so  valuable 
a  paper  is  that  it  is  somewhat  of  an  injustice  both  to  the  paper 
and  its  author  to  discuss  it  off-hand.  Such  a  paper  as  this  could 
hardly  be  dealt  with  in  a  hurry,  and  therefore  I  think  it  would 
be  well,  if  in  view  of  the  lateness  of  the  hour,  any  gentleman 
who  wishes  further  to  discuss  it,  were  to  commit  his  views  on  the 
subject  to  paper,  and  we  should  be  very  glad  to  give  him  prece- 
dence and  a  hearing  at  the  next  meeting.  Unless  there  is  any- 
thing pressing  on  the  mind  of  any  gentleman  at  this  moment  of 
which  he  must  deliver  himself,  I  think  that  would  be  the  better 
course. 

Before  a  motion  to  adjourn  is  received  I  would  like  to  state 
that  at  our  next  meeting,  on  November  19tli,  we  shall  have  a 
paper  from  Mr.  C.  J.  Eeed,  on  a  very  interesting  subject,  "The 
Form  and  Efficiency  of  Incandescent  I^mp  Filaments."  Mr.  P. 
B.  Delany  will  also  bring  before  us  some  telegraphic  improve- 
ments, including  his  own  work  in  the  devising  of  the  Delany 
line-adjusting  system,  and  one  or  two  other  matters.  This  paper 
of  Mr.  Delany's  will  be  illustrated  with  ])ractical  demonstrations. 

The  Secretary  : — I  have  a  matter  that  I  think  we  ought  to 
bring  before  the  meeting  before  adjournment.  You  will  all  re- 
member that  the  various  engineering  societies  were  represented 
in  England  during  the  past  season  and  visited  the  Paris  Expo- 
sition. The  tour  was  begun  too  early  to  permit  of  the  orgini- 
zation  of  a  party  from  the  electrical  engineers,  the  other  engin- 
eering societies  leaving  about  the  first  of  June.  But  several  of 
our  members  were  in  that  body,  and  as  the  Institute  had  been 
officially  invited,  President  Elihu  Thomson  of  the  Institute  was 
there  as  our  representative.  At  a  banquet  given  by  the  Lord 
Mayor  of  London,  at  the  Guild  Hall,  on  the  13th  of  June,  where 
the  various  engineering,  societies  were  represented,  President 
Thomson  responded  to  the  toast  of  the  American  Electrical 
Engineers,  and  the  Secretary  of  the  Institution  of  Civil  Engin- 
eers has  been  so  kind  as  to  forward  a  transcript  of  Professor 
Thomson's  remarks  on  that  occasion,  and  I  would  be  glad  to 
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read  them  to  you,  for  I  am  sure  you  will  all  be  pleased  to  hear 
what  he  said : — 

Professor  Elihu  Thomson: — Mv  lords  and  gentlemen:  It  is 
my  privilege,  as  the  chief  oflBeer  of  a  young,  vigorous  and  grow- 
ing organization,  the  American  Institute  of  Electrical  Engineers, 
to  express  its  thanks  for  the  opportunities  and  hospitalities  which 
have  oeen  so  freely  and  graciously  extended  to  it  o^  our  English 
brethren.  The  electrical  engineering  profession  is  in  fact  a  very 
recent  extension,  a  division  of  engineering.  I  need  not  remind 
the  eminent  gentlemen  here  assenioled,  many  of  whom  have  been 
far  better  witnesses  than  myself  of  the  fact,  that  scarcely  more 
than  ten  years  ago  the  electrical  engineer  had  no  part  or  place  in 
the  activities  of  engineering.     It  is  true  that  the  telegraphic  ex- 

fert  was  in  a  somewhat  restricted  sense  an  electrical  engineer, 
t  is  more  true  that  we  have  with  us  one  whose  scientific-  and 
mathematical  genius  made  the  difficult  problem  of  ocean  tele- 
graphing an  engineering  success,  and  who,  therefore  I  am  quite 
sure  you  will  agree  may  be  called  the  father  of  electrical  engi- 
neers. The  name  of  Sir  William  Thomson,  engineers  in  general 
will  be  prepared  to  honor  as  the  great  master  wlio,  in  addition  to 
his  numerous  labors,  has  given  and  continues  to  give  the  elec- 
trical engineer  instruments  which  are  as  his  rule  and  square  and 
compasses.  But  in  him  also  we  find  the  type  of  the  true  scientist 
to  wnom  all  truth  is  of  equal  merit  I  can  say  for  the  electrical 
engineers  of  America,  as  representing  their  Institute,  that  the 
present  opportunity  of  uniting  with  the  civil,  mechanical  and 
mining  engineering  professions  in  celebrating  the  present  mem- 
orable occasion,  and  particularly  in  extending  thanks  for  the  most 
hospitable  and  gracious  privileges  so  freely  accorded  to  them  in 
England,  will  be  long  remembered  and  cherished.  We  are  glad 
of  tlie  hannonious  relations  tlius  so  auspiciously  established  with 
those  on  this  side  of  the  Atlantic  who  are  carrying  on  work  simi- 
lar to  our  own,  the  growth  and  extension  of  whidi  relations  can- 
not but  have  the  most  beneficial  effects  on  the  work  itself,  but 
must  even  become  a  factor  in  uniting  our  national  interests  for 
the  general  advancement  of  the  human  race.  The  work  of  the 
electrical  engineer  is  in  a  field  of  constant  expansion ;  much  work 
has  been  done,  far  more  remains  to  be  done.  It  is  difficult  for 
those  unacquainted  with  the  nature  of  the  problems  presented  in 
a  field  so  new  to  realize  to  the  full,  the  hard-fought  battle  with 
difficulties  and  against  obstacles  resulting  in  the  victories  thus  far 
achieved.  It  has  been  required  of  the  electrical  engineer  that 
he  unite  the  qualities  of  the  mechanician,  the  chemist,  the  phys- 
icist and  general  technologist,  with  those  of  patience  and  tenacity 
of  purpose.  He  has  been,  as  it  were,  a  pioneer  in  a  new  coun- 
try, with  rocks  and  fallen  trees  lying  in  his  path.  The  materials 
of  construction  alone,  with  whose  properties  he  must  be  acquaint- 
ed, cover  a  vast  range  of  available  substances  and  mamrfactprefi^ 
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For  confiruiation  of  this,  all  that  Ib  required  is  to  inspect  the 
stock  rooms  of  our  largest  electrical  manufactories.  Many  ma- 
terials before  unknown  to  the  trade  have  been  demanded  m  the 
work.  The  field  of  operation  is  wide.  Electric  metallurgy,  tele- 
graphy, telephony,  arc  lighting,  incandescent  lighting,  motive 
[)Ower  transmission  and  electric  railways,  electric  welding, 
soldering  Hud  metal  working,  electric  tanning,  besides  a  host  of 
other  operations  in  which  electricity  plays  a  chief  part,  now 
afford  scope  for  the  activities  of  the  electric  engineer.  Who  is  to 
say  where  the  growth  and  development  will  stop  ?  Will  we  not 
light  our  liouses by  electricity,  giving  light  without  heat)  Shall 
not  the  time  come  when  we  may  bum  our  coal,  produce  elec- 
tricity in  efficient  amount  therefrom,  and  thus  supplant  steam 
engines  for  motive  power,  and  dynamos  for  electrical  work  i 
Shall  not  the  great  water  powers  be  turned  to  account  to  propel 
our  railway  trains,  to  do  our  metal  work,  to  light  our  streets  and 
buildings,  to  run  our  factories,  and  to  eflfect  our  chemical  opera- 
tions such  as  bleaching,  tanning  and  others  ?  Shall  not  we  even 
store  up  power  in  substances  possessing  high  chemical  afiinities, 
which  power  may  be  let  out  or  recovered  at  any  time  hereafter 
for  the  uses  to  which  electricity  is  now  applied  i  Shall  we  even 
dare  to  hope  that  electrical  communication  on  the  Atlantic  may 
be  maintained  with  our  friends  and  dear  ones  ashore  if  I  believe 
that  these  things  and  more  lie  in  the  path  which  the  electrical 
engineer  of  to-day  has  but  begun  to  tread.  As  one  of  the  oldest 
and  greatest  of  philosophers  has  said  of  man,  ^^  For  who  shall 
bring  him  to  see  what  shall  be  after  him,"  we  can  certainly  set 
no  limit  of  achievement  in  this  new  field ;  we  have  at  last  laid 
hold  of  the  properties  of  the  universal  ether  to  do  our  work,  and 
its  universal  character  will  no  doubt  be  exemplified  in  its  appli- 
cations to  such  work.  As  a  delicate  controller,  as  a  transmitter 
of  ideas  written  or  spoken,  as  a  giant  mover  of  masses,  as  a 
lantern  bearer,  as  a  storer  and  carrier  of  power,  as  the  most  power- 
ful and  yet  most  delicate  chemical  reagent,  as  a  heating  agent 
under  perfect  control,  and  in  many  other  ways,  the  ether  has 
been  called  to  do  mun's  bidding,  that  wondrous  agent  which  has 
place  in  nature,  co-extensive  with  nature  itself.  In  these  allusions 
to  electrical  work  I  cannot  forget,  that  to  theoretical  science  in 
England,  and  to  its  a^eat  leaders,  we  owe  much  of  the  growth 
and  development  wmch  have  led  to  our  beginning,  feeble  as  it  yet 
is,  of  an  understanding  of  the  nature  of  electric  and  magnetic 
phenomena.  In  conclusion,  I  join  in  tlie  heartiest  manner  in  the 
response  to  the  toast  in  expressing  for  myself  and  the  society 
which  I  represent  a  most  thorough  appreciation  of  the  friendly 
spirit  and  kind  wishes  shown. 

The  Chairman  : — I  am  sure  it  is  gratifying  to  us  to  know  that 
our  society  received  this  honor,  as  no  greater  honor  can  be  be- 
stowed in  London,  at  least,  than  a  banquet  at  the  G^ild  Hall. 
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There  is  one  other  honor  of  the  kind,  and  that  is  the  freedom  of 
the  city,  and  it  mav  be  interesting  to  you  to  know  that  that  honor 
would  have  l>een  bestowed  upon  another  of  our  members  had  he 
remained  long  enough  in  the  country  to  receive  it.  I  refer  to 
Mr.  Edison.  I  think  as  members  of  tlie  Institute  we  have  great 
reason  for  pride  and  pleasure  in  knowing  that  our  President 
made  so  jKirfect  a  response  in  our  behalf. 
Adjourned. 
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A  Pa/er  read  be/are  the  40th  Meeting 0/  the  American 
Institute  0/ Electrical  Engineers^  New  York^  Novem- 
ber ig^  /^9^,  and  discussion  thereon :  Vice-President 
Martin  in  the  chair. 


FOKM  AND  EFFICIENCY  OF  INCANDESCENT 
FILAMENTS. 


BY  CHARLES  J.  REED. 


]f  we  pass  an  electric  current  through  any  conductor,  as  a 
cylindrical  wire,  its  temperature  tends  to  increase  by  the  trans- 
formation of  electrical  energy  into  heat.  If  no  heat  is  allowed 
to  escape,  the  temperature  will  increase  indefinitely,  or  until  the 
conductor  is  melted  or  otherwise  destroyed.  If  the  heat  is 
allowed  to  escape  by  radiation  alone  from  the  surface  of  the  con- 
ductor, its  temperature  will  increase  only  until  the  rate  of  loss 
by  radiation  is  exactly  equal  to  the  rate  of  transformation.  By 
heat  we  here  include  all  radiant  energy,  whether  of  high  or  low 
degree. 

As  the  temperature  of  an  incandescent  body  increases,  not 
only  does  the  actual  quantity  of  radiant  energy  increase,  but  its 
wave  lengths  diminish.  Hence,  as  experience  has  shown,  after 
incandescence  is  reached,  increasing  the  temperature  in  a  given 
ratio,  increases  the  light  emitted  in  a  much  greater  ratio. 

The  exact  relation  between  temperature  and  luminosity  is  not 
known,  and  it  is  probably  not  very  simple,  if  such  a  relation 
exists  at  all.  The  phenomenon  of  luminosity  is  really  a  physio- 
logical one  and  depends  partly  upon  individual  optical  capacity ; 
some  persons  being  able  to  see  above,  and  some  below  the  visible 
spectrum  of  the  average  human  eye.  The  radiant  energy  we 
call  light  is  one  thing.  The  sensation  of  luminosity  by  which  we 
always  estimate  light  is  an  entirely  different  thing.  A  constant 
source  of  light  may  vary  greatly  in  luminosity,  according  to  the 
condition  of  the  receptive  mechanism  and  its  individuality. 

But  even  ignoring  the  physiological  aspect  of  the  questioKu 
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the  nearest  approach  we  have  to  f ormulfle  for  radiation  are  the 
approximate  empirical  formulae  of  Dulong  and  Petit  and  of 
Stefan  ;  which  are  for  total  radiations  of  a  low  temperature  and 
limited  range.  They  cannot  apply  to  light  alone,  nor  even  to 
total  radiation  of  high  degree. 

It  is  unfortunate  that  there  exists  no  instrument  more  re- 
liable than  the  retina  of  the  living  eye  for  measuring  the  in- 
tensity of  radiant  luminif erous  energy,  and  no  method  of  reading 
the  measurements  more  accurately  than  individual  guesses.  We 
can  measure  radiant  thermal  energy  of  low  degree  with  Langley's 
bolometer ;  we  can  measure  radiant  actinic  energy  by  the  chemi- 
cal action  it  produces ;  and  we  can  measure  total  radiant  energy 
in  a  variety  of  ways ;  but  how  can  we  isolate  or  measure  radiant 
luminiferous  energy  ?  If  there  were  a  high  temperature  ther- 
mometer or  other  instrument  for  accurately  measuring  high 
temperatures,  we  might  attack  this  problem  with  some  hope  of 
results. 

It  is  sufficient,  however,  for  our  present  purpose  to  know 
what  the  eye  is  able  to  tell  us,  namely,  that  increasing  the  temp- 
erature increases  the  light  in  a  greater  ratio.  From  this  it 
follows  that  the  efficiency  of  an  incandescent  filament  is  some 
direct  function  of  its  temperature  above  that  of  the  surrounding 
space. 

Granting  that  the  efficiency  increases  with  increased  temp- 
erature, we  have  now  to  determine  whether  the  efficiency 
does  or  does  not  depend  upon  any  other  conditions.  It  has 
frequently  been  claimed  that  the  efficiency  depends  upon  the 
form  of  the  filament,  whether  it  be  cylindrical,  flat  or  square. 
At  a  meeting  of  this  Institute  of  June  8,  1886,  for  instance,  this 
was  by  general  consent  considered  an  established  fact.*  Others 
have  asserted,  but  without  giving  any  proof,  that  the  efficiency 
•depends  upon  the  pressure;  some  claiming  that  low-tension  series 
lamps  and  others  that  high-tension  multiple  lamps  are  the  more 
efficient.  Others,  again,  have  claimed  that  at  the  same  pressure 
and  with  the  same  shaped  filament,  lamps  of  greater  candle- 
power  have  a  different  efficiency  from  lamps  of  smaller  power. 

The  trouble  seems  to  have  been  that  we  are  not  always  careful 
to  distinguish  between  efficiency  and  convenience  or  adaptability. 
Each  individual  finds  that  a  certain  form  of  filament  or  a  certain 
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method  of  distribution  gives  better  satisfaction  than  another  or 
is  more  suited  to  his  purpose,  and  soon  persuades  himself  that  it 
is  "  more  efficient "  than  any  other. 

In  order  to  study  the  effects  of  these  various  conditions  upon 
the  efficiency  of  a  filament,  it  will  be  convenient  to  eliminate  the 
effects  which  we  know  will  be  produced  by  variations  in  tem- 
perature. We  assume,  therefore,  in  this  discussion  that  all  the 
filaments  and  all  parts  of  the  filaments  under  consideration  are  at 
the  same  temperature. 

Let  T  represent  this  temperature  and  T',  the  temperature  of 
the  supposed  vacuous  space  surrounding  the  filament.  We  must 
ast^ume  further  that  the  material  of  which  the  filaments  are  con- 
structed is  perfectly  homogeneous  in  itself  and  that  it  is  unifonn 
in  all  the  various  forms  of  filaments  considered. 

Let  S  denote  the  specific  radiating  power  of  the  material  at  the 
temperature,  1\  and  S\  its  specific  resistance  at  the  same  tem- 
perature. ^ 

Any  variation  in  S  or  *S"  might  affect  the  efficiency,  and  for 
this  very  reason  experimental  proof  is  very  difficult  to  obtain. 
Comparisons  of  filaments  made  by  different  processes  are  entirely 
worthless  in  determining  the  effect  of  form  or  length  of  a  fila- 
ment on  its  efficiency. 

It  is  a  difficult  matter  to  produce  by  the  same  process  two  car- 
bons of  different  sizes  and  shapes  that  shall  have  the  same  specific 
radiating  power  and  specific  resistance  at  the  same  temperature, 
and  to  produce  them  by  different  processes  is  entirely  out  of  the 
question.     Any  comparison,  therefore,  of  short  series  filaments 
with  long,  multiple  filaments  of  a  different  manufacture  is  of  no 
value  whatever  in  settling  this  question. 
Let  C,  represent  the  candle-power  of  any  filament  at  tempera- 
ture, r. 
{?,  its  current, 

E^  the  potential  difference  at  its  terminals, 
R^  its  resistance, 

r,  its  radius  (considered  as  a  cylinder), 
Z,  its  length, 

ZT,  the  energy  received  per  unit  of  time, 
H\  the  energy  radiated  per  unit  of  time. 
Since  the  energy  developed  in  any  portion  of  an  electric  circuit 
is  proportional  to  the  current  and  pressure,  we  have 

H^KEc,  O) 

in  which  ^is  a  constant  depending  upon  the  units  employ ed;o 
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If  we  neglect  the  small  quantity  of  heat  lost  by  couductior^ 
from  the  ends  of  the  filament  to  the  conducting  wires,  and 
assume  that  the  space  surrounding  the  filament  is  a  perfect 
vacuum,  then  the  entire  energy  of  the  current  will  be  expended 
in  radiation,  and  we  have 

H^H\  (2> 

Let  K'  represent  a  constant  depending  on  {T —  7"). 

The  rate  of  radiation  of  any  surface  depends  only  upon  the 
elevation  of  its  temperature  above  that  of  the  surrounding  space 
and  the  specific  radiating  power  of  the  surface  at  that  tempera- 
ture.     We  have,  therefore, 

//=  H'  -  iT'  aS  X  2  ;r  rL—KEe ^3) 

The  resistance  of  any  conductor  is  proportional  to  its  length 
and  inversely  proportional  to  its  cross  section,  and  we  have 

^-^'^  ^■^> 

From  Ohm's  law  and  (4) 

c^^    l^\  ....C5> 

R     S  L 

By  eliminating  successively  Ey  o  and  r  from  (3)  and  (5)  we  get 

K'  S  X    ^  It  r  L        c  S  L  ^^^     £ ^  i^  K'  S       .g. 

Zc  TW      *     "7"  'KS~" 

K'  8  y.    2  :t  r  L      E  ^  r^          ,,         2E'SI?S' 
TT ^-^TT'  ""^  ^^  = £ ••••(^> 

and  ^ ^^  a/  <>S  L  .c.. 


From  (6) 


K'  Sx'^nL-  V  — ^j-g^ 
K'  Sy^^T^  /'■>  —K  S'  <?.    Hence, 


.(9) 


and  c— rV       j^  ^ —  (U») 

showing  that  the  square  of  the  current  is  proportional  to  the  cube 
of  the  radius  or  diameter  of  the  filament  for  all  lamps  at  constant 
temperature ;  and  that  this  relation  is  independent  of  the  pres 
sure,  of  the  length  and  resistance  of  the  filament  and  independent 
of  the  candle-power; 
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From  (7)  we  have 

K'  Sx^DS'-^  KE^r.    Hence, 

^     V^5^'-^.'>- V=^  ....(11) 

showing  that  the  ratio  of  the  square  of  the  length  to  the  diam- 
eter  depends  only  upon  the  pressure  and  is  independent  of 
candle-power  and  resistance; 
From  (8) 

J?«£»c  — 4  7rir'V/y  Z».     Hence, 

and  ^"IJ"! X^ ^^ 

showing  that  the  current  is  proportional  to  the  cube  of  the  ratio 
of  the  length  to  the  pressure. 

Since  K\  8  and  S'  are  constant,  both  the  light  and  the  heat 
radiated  will  be  proportional  to  the  surface  and  we  have 

^=X"Z  X  2;rr  (15) 

in  which  K"  is  a  constant  depending  upon  the  units  employed 
and  upon  T. 

Hence,  ^^  ^tzK'  r  (^^^ 

^^^  ^-2TT^  (1^ 

Combining  (15)  with  (3) 

K'  8C       j,^ 
—^ KEc,ox 

KEc      K' 8  ^^^^ 

which  shows  that  the  candle-power  is  proportional  to  the  energy, 

K  E  c;  or  that  the  eflSciency,  j^  p  ■  is  constant  and  independent 

of  the  pressure,  length,  radius,  resistance,  current  ai^  cudLi^ 
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power  of  the  filament.  This  means  that  the  energy  required  to 
produce  a  given  candle-power  will  be  proportional  to  the  candle- 
power  and  will  be  the  same,  whether  it  is  expended  in  driviug  a 
large  current  through  a  short,  thick  filament,  or  a  small  current 
through  a  long,  slender  filament ;  provided  the  temperature  or 
state  of  incandescence  is  the  same  and  provided  no  heat  is  lost  by 
conduction  through  the  terminal  wires. 

Equation  (18)  shows  also  that  the  efficiency  does  depend  upon 
K\  K"  and  S^  that  is,  upon  the  temperature  of  the  filament,  the 
temperature  of  the  surrounding  space  and  the  specific  radiating 
power,  and  upon  them  only. 

From  (18) 

^=^^xf4'  ^^^^ 

c      KK"   .  ^     ^ 

and  "'^i^TTW'  ^^^^ 

From  (4) 

'-'^f¥"\/f^\/?    (^^> 

and  Z  =  !L^  (23) 

From  (5) 

E—Re  (24) 

From  (21)  and  (24) 

We  have  thus  far  confined  ourselves  to  the  consideration  of 
cylindrical  filaments  varying  in  length  and  diameter.  It  remains 
now  to  show  that  the  efficiency  is  independent  of  the  form  of 
cross  section. 

Let  us  suppose  we  have  a  number  of  lamps,  all  made  of  the 
same  material,  having  the  same  specific  resistance  and  radiating 
power,  all  burning  at  the  same  temperature  and  all  giving  the 
same  amount  of  light.  Let  them  be  of  any  pressure  and  let  the 
cross-section  be  of  any  form — circular,  elliptical,  square,  triangular, 
etc.  The  filaments  will  all  have  equal  radiating  surfaces ;  since 
unequal  surfaces  of  the  same  character  at  the  same  temperature 
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could  not  radiate  equal  amounts  of  light.  But  equal  surfaces  of 
the  same  character  at  the  same  temperature  nmst  radiate  equal 
amounts  of  heat  of  all  wave  lengths.  Hence,  the  total  amounts 
of  radiant  energy  are  equal.  Since  the  energy  received  is  equal 
to  the  energy  radiated  and  the  amounts  of  light  are  equal, 
we  have 

C=  QEc  (26) 

in  which  ^  is  a  constant,  and  from  (18)  we  find  its  value  to  be 

Q^^KK^  (27) 

This  shows  that  the  efficiency  is  independent  of  the  form  of 
cross-section  of  the  filament  and  depends  only  upon  its  tempera- 
ture, the  specific  radiating  power  of  its  surface,  and  the  tem- 
perature of  the  surrounding  space. 

When  we  find,  therefore,  that  one  lamp  is  more  efficient  than 
another  we  must  infer,  not  that  it  is  on  account  of  larger  or 
smaller  size,  not  because  it  is  on  a  series  or  on  a  multiple  circuit, 
not  that  it  is  because  it  has  high  or  low  resistance,  or  a  certain 
form  of  cross-section,  but  that  it  is  at  a  higher  temperature,  or  is 
made  of  material  having  a  different  specific  radiating  power. 

Of  all  possible  forms  of  cross-section  the  circular  has  the  largest 
area  for  the  same  radiating  surface  per  unit  of  length,  and  con- 
sequently, has  the  advantage  of  great  strength.  The  current 
density  will  also  be  less  in  this  than  any  other  form ;  and  hence, 
any  '* disintegrating"  or  "electrolytic  eflEect"  of  the  current,  if 
there  is  any  such,  will  be  least  in  the  cylindrical  filament.  This 
will  be  made  clear  by  supposing  a  number  of  lamps  of  equal  can- 
dle-power to  be  burning  at  the  same  temperature  and  pressure,  but 
having  various  forms  of  filament,  cylindrical,  flat,  square,  etc.  We 
have  already  seen  that  these  lamps  ail  consume  equal  amounts  of 
energy,  and  since  they  have  the  same  pressure,  they  must  take 
the  same  current.  Therefore,  the  filament  which  has  the  greatest 
area  of  cross  section  will  have  the  least  curretit  density.  The  fact 
that  the  cylindrical  filament  has  the  greatest  cross-section  does 
not  signify  that  it  will  require  a  greater  current  to  keep  it  at  the 
same  temperature.  Its  form  is  better  adapted  for  retaining  heat 
than  any  other.  Again,  the  several  lamps  will  have  equal  resist- 
ances ;  otherwise  they  could  not  take  equal  currents  with  the 
same  pressure.  From  this  it  follows  that  the  cylindrical  filament 
will  be  longer  and  will  have  less  surface  and  greater  mass  per 
unit  of  length  than  any  other. 
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A  tubular  filament  would  have  a  greater  external  diameter,  but 
smaller  cross-section  of  material,  and  would  be  shorter  than  the 
cylindrical. 

The  advantages  and  disadvantages  of  the  various  forms  may  be 
summed  up  as  follows : — 

The  cylindrical  has  the  advantage  of  gi*eater  strength  and  leas 
current  density  on  account  of  greater  cross-section.  It  has  the 
disadvantage  of  greater  length  and  fragility. 

The  tubular  filament  is  strongest  in  form,  being  shorter  and  of 
greater  external  diameter  than  the  cylindrical.  It  has  the  dis- 
advantage of  greater  current  density  than  the  cylindrical.  Both 
the  tubular  and  the  cylindrical  have  the  advantage  of  uniform 
illumination  in  all  directions  except  in  and  near  the  plane  of  the 
filament. 

Flat,  or  angular  filaments  have  the  disadvantage  of  great  cur- 
rent density,  and  of  being  unequally  heated,  since  the  edges  or 
projecting  corners  will  always  be  a  little  cooler*  than  the  other 
parts. 

A  short,  thick  filament  has  the  advantage  of  being  stronger 
and  more  durable  than  a  long,  slender  one ;  but  the  disadvantage 
of  wasting  a  greater  percentage  of  heat  by  conduction  through 
the  terminal  wires.  In  this  latter  respect,  it  is  true,  that  the  long 
filament  is  slightly  more  eflScient  than  the  short.  A  10-ampere 
filament,  a  foot  long,  would  waste  no  more  energy  by  conduction 
than  a  10-ampere  filament  an  inch  long. 

Aside  from  the  difliculty  of  obtaining  lamps  of  different  types 
from  different  makers  which  have  the  same  specific  resistance 
and  radiating  power,  there  is  the  difiSculty,  or  rather  impossibil- 
ity, of  getting  them  all  to  bum  at  the  same  temperature,  and  the 
difliculty  of  knowing,  even  approximately,  what  that  temperature 
is,  and  whether  it  is  the  same  in  two  lamps  or  not.  For  these 
reasons  no  experimental  comparisons  yet  published  are  of  any 
value,  either  in  corroborating  or  refuting  these  conclusions. 
There  is  one  method,  however,  of  testing  the  formulse.  This 
method  the   writer  has  tried  upon  some  twenty-five  different 


3  It  was  aflserted  before  this  Institute,  June  8,  '86,  that  the  edges  or  comers 
of  a  square  filament  are  hotter  than  the  remainder  of  the  surface ;  but  no  roaaon 
was  given.  Such  a  statement  scarcely  needs  refutation,  beinff  contrarv.  not 
only  to  established  laws,  but  to  the  most  commonplace  and  everjr-uay  experience. 
We  need  only  observe  the  cooling  of  a  square  bar  of  red-hot  iron  to  convinc* 
ourselves  that  the  sharp  comers  are  the  coolest  parts  And  they  would  remain 
the  coolest  parts  even  if  heat  were  continually  supplied  by  an  electric  current  to 
the  interior  of  the  bar. 
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types  with  the  mo«t  satisfactory  results.  The  method  is  as 
follows : — 

A  lamp  is  constructed  with  a  filament  of  known  dimensions, 
treated  to  the  required  process  and  exhausted  to  a  certain  pressure^ 
as  determined  by  a  McLeod  vacuum  gauge.  It  is  then  placed  on 
a  circuit  of  a  certain  pressure,  which  gives  it  a  certain  desired 
temperature  or  eflSciency,  and  the  candle-power  and  current  are 
measured.  From  the  data  thus  obtained,  we  calculate  by  the  above 
equations  all  the  data  for  lamps  of  other  types.  The  lamps  when 
made  according  to  this  data  from  the  same  material,  by  the  same 
process,  and  exhausted  to  the  same  pressure,  should  give  the  calcu- 
lated candle-power  at  the  calculated  pressure. 

It  must  be  remembered  that  the  formulae  take  no  account  of 
the  small  amount  of  heat  that  escapes  by  conduction  through  the 
wires.  With  lamps  of  high  resistance  this  may  be  safely  ignored 
in  practice,  but  in  changing  from  a  long  to  a  very  short  and 
thick  filament  it  must  be  taken  into  account. 

The  following  examples  may  serve  to  better  illustrate  the 
method  — 

Let  us  suppose  that  a  lamp  has  been  constructed  to  give  a  cer- 
tain candle-power  on  a  circuit  of  given  pressure,  and  it  is  desired 
to  construct  other  lampshaving  the  same  efficiency  (temperature) 
and  life,  but  of  different  candle-power,  for  the  same  or  for  dif- 
ferent pressure.  We  will  call  this  lamp  for  convenience  the 
zero  lamp,  and  denote  its  particular  values  of  the  variables  by  the 
subscript,  o, 

I^t  C=-  C\  =  16  candles. 

<?  —  <?o  —  •  6  ampere. 
^_^^_  100  volts. 
J?_jP^_167  ohms. 
Z  -=  Zq  —  170  millimeters. 

r  -«  r^  «  .07  millimeter. 

The  constants  iT,  K\  K\  S  and  S'  will  have  the  same  value 
for  all  values  of  C,  c^E^R^  L  and  ;•,  and  hence,  will  be  found 
by  substituting  for  these  quantities  the  simultaneous  values,  C^^ 
c^,  Zo,  Bq,  L^  and  r^,  respectively. 

If  Zf  is  measured  in  horse-power,  we  have  from  (1)  K~  ,^1,. 

From  (4) 


Bq  =^S' — —5^  or 
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=  '--  X  '%^  ^■''^'  =  .015122. 


100  X  .6  „  ^^1,^5,^ 


5'  = 

from  (3) 
if'  -&"- 

2  -  /'o  Zo 

from  (15) 

K' 

^^ 

746  X  2  ;:  (.07)  X  170 

16 

"2r(.o7)  X  170 


.21399. 


Substituting  these  values  of  K,  K",  S'  and  ^'  >S  in  equations 
(4)  to  (25),  we  are  enabled  to  solve  any  problem  involving  JR^  JS, 
Cy  Ty  Cj  and  Z,  when  any  two  of  the  quantities  except  c  and  r 
are  given.  The  equations  apply  only  to  lamps  of  the  same  ma- 
terial and  at  the  same  temperature  as  the  zero  lamp.  By  starting 
with  a  lamp  of  different  material,  or  by  burning  the  same  lamp 
at  a  different  temperature,  we  obtain  a  different  set  of  constants? 
which  substituted  in  equations  (4)  to  (25)  adapt  them  to  the 
changed  conditions. 

Suppose  we  wish  to  construct  a  lamp  of  20  candle-power  for  a 
90- volt  circuit : — 

(7=20. 
jF— 90. 

From  (21) 

,.  «  3.75—  —  .8333  ampere 
from  (9) 


r  —  .098466   ^^  (.8333)'  =.087196  millimeters 

from  (11) 

L  —  6.4190  X  90   |/  .087196  =»  170.59  millimeters 
and  from  (4) 

R  =  .0048134  (^ll^^^Qy  -  108.00  ohms. 

The  calculations  may  be  verified  by  substitution  in  some  of  the 
other  formulae. 

In  constructing  the  lamp  we  take  a  filament  170.59  millimeters 
long,  and  of  such  a  radius  that,  when  treated  to  the  given  process 
until  at  the  proper  exhaustion  it  takes  .838  ampere  with  90  volts, 
it  will  have  a  radius  of  .0872  mm.  If  the  treatment  of 
the    carbon    does    not    increase  its    diameter,  the  .initial  and 
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final  radius  will  be  the  same ;  but  the  radius  of  the  jhiished 
ca/rhon  is  to  be  .0872  mm.  When  these  conditions  are  fulfilled, 
we  know  with  certainty  that  the  lamp  has  the  proper  tempera- 
ture if  it  gives  20  candles.  If  any  single  condition  is  not  fulfilled 
we  know  with  the  same  certainty  that  the  lamp  has  not  the  proper 
temperature.  If  two  or  more  of  the  required  conditions  are 
simultaneously  not  fulfilled,  then  we  know  nothing  about  the  re- 
sulting temperature. 

We  are  thus  enabled  to  construct  lamps  of  uniform  life  for 
varying  conditions  of  current  and  candle-power;  and  also  to 
regulate  the  length  of  life  and  the  efficiency,  increasing  or 
diminishing  either  the  life  or  the  efficiency  at  pleasure  to  suit 
the  reqidrements  of  particular  conditions,  remembering  always 
that  the  life  and  efficiency  are  inveree  functions  of  each  other. 

The  fact  that  the  life  of  most  commercial  lamps  is  very  ir- 
regular, shows  that  either  the  material  or  the  temperature  is  not 
uniform,  and  hence,  that  there  is  lack  of  uniformity  either  in  the 
process  or  in  the  dimensions.  The  writer  has  examined  a  number 
of  different  makes  of  lamps,  and  found  that  they  generally  vary 
in  length  and  cross-section  enough  to  produce  serious  difEerenees 
in  temperature. 

Suppose,  again,  we  wish  to  construct  a  50-candle  lamp  for  a 
series  circuit  of  5  amperes : 

<?  -=    5. 


^0 

E^  8.75  X  X  —  37.6  volts. 

5 


5  

r  —  .098466   v  iPY  —  28792  millimeter 


From  (20) 
from  (9) 

from  (11) 

L  "  6.419  X  37.6   |/  .28792  =  129.16  millimeters 
from  (4) 

R  =  .0048144  -^^^,  =  7.5  ohms. 

In  this  case  the  loss  of  heat  by  conduction  through  the  con- 
necting wires  is  considerable,  and  must  be  taken  into  account. 

The  above  equations  are  not  limited  to  incandescent  filaments, 
but  apply  equally  to  any  conductor  which  may  be  kept  at^^r^ 


602    FORM  AND  EFFIOIBNOT  OF  INCANDESCENT  FILAMENTS. 

tain  fixed  temperature  by  an  electric  current.  Bj  using  the 
proper  constants,  useful  formula  may  be  derived  for  calculating 
conductors,  so  that  under  given  conditions  they  will  be  heated 
to  a  required  temperature. 

DISCUSSION. 

Pbof.  Edward  L.  Nichols  : — ^Every  one,  I  think,  who  is  in- 
terested in  the  study  of  incandescent  lamps  will  be  verj^  glad  to 
hear  reiterated  the  fact,  which  I  think  none  of  us  will  desire  to 
question,  that  efficiency  is  a  function  of  the  temperature  and  not 
a  function  of  the  shape  of  the  carbon  and  of  the  various  other 
things  to  which  it  has  often  been  ascribed.  I  think  there  can  be 
no  question  on  this  point.  It  seems  to  me  the  clearest  point  that 
we  have  in  reference  to  radiant  energy — ^that  the  thing  which 
we  must  get  in  order  to  get  increased  efficiency  is  higher  tem- 
perature, and  that  any  method  that  will  enable  us  to  do  this  will 
enable  us  to  increase  the  efficiency.  That  the  temperature  of 
the  lamp  cannot  be  measured  to-day  is  probably  true.  I  have 
seen,  however,  within  a  few  weeks,  a  paper  by  H.  F.  Weber,  of 
Zurich,  which  leads  me  to  believe  that  the  day  is  much  nearer 
than  we  thought  when  we  shall  be  able  to  express  the  efficiency 
of  any  incandescent  body  in  terms  of  its  temperature  directly. 
Mr.  Weber  has  worked  out  a  formula  which  he  has  applied  to  a 
great  variety  of  examples  where  the  temperature  could  be 
measured ;  that  is,  he  has  gone  over  the  literature  of  incande- 
scence and  has  selected  all  those  experimental  investigations 
which  can  be  said  to  be  quantitative  in  any  fair  sense  of  the 
word.  Almost  all  the  experiments  deal  with  platinum,  because 
platinum  is  a  substance  of  which  we  know  quite  accurately  the 
law  of  expansion  under  change  of  temperature,  *and  also  the  law 
of  resistance  with  change  of  temperature.  These  various  methods, 
however,  have  not  been  regarded  as  directly  comparable ;  but 
Mr.  Weber  seepis  to  have  been  able  to  get  out  a  formula 
which  can  be  applied  to  each  of  them  separately.  They  are 
found  to  fall  into  line  beautifully,  so  that  he  has  put  to  a 
very  severe  test  the  formula  which  he  proposes ;  and  in  the 
article  to  which  I  referred  which  appeared  in  the  Reper- 
torium  der  Phydk^  and  which  I  believe  has  not  been  trans- 
lated into  English,  he  claims  that  he  has  applied  this  formula 
to  a  variety  of  incandescent  lamps,  with  great  success.  I 
hope  this  may  be  true.    I  am  sorry  to  say  I  cannot  give  the 
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formula  itself  from  memory.  It  contains  two  or  three  constants 
which  are  to  be  determined,  bnt  comparatively  speaking  it  is  a 
simple  formula.  I  am  in  hopes,  therefore,  that  we  shall  before 
very  long  be  in  a  position  to  modify  Mr.  Reed's  statement,  which 
at  the  present  time  is  undoubtedly  justified — that  we  do  not 
have  means  of  measuring  the  temperature  of  incandescent  lamps. 
The  thing,  of  course,  which  has  led  to  nmch  confusion  in  this 
matter,  is  the  fact  that  lamps  l)ehave  very  differently  towards 
different  observers  and  at  different  times,  and  at  different  times 
towards  the  same  observer.  I  think  the  point  there  is  largely  a 
matter  of  vacuum.  The  fommla  which  we  have  seen  developed 
this  evening  assumes  either  a  perfect  vacuum  or  a  vaeuiini 
which  is  equally  good  in  all  cases,  and  it  is  a  matter  of  fact, 
well  known,  of  course,  to  all  those  who  work  with  incandescent 
lamps,  that  an  apparently  slight  difference  in  vacuum — really  a 
very  large  difference — is  the  thing  which  changes  altogether  the 
incandescence  of  the  filament.  In  other  words,  while  conduction 
18  an  almost  negligible  factor  in  this  discussion,  convection,  even 
where  the  amount  of  air  remaining  in  the  bulb  is  small,  is  by  no 
means  a  negligible  factor,  and  the  failure  to  recognize  more 
promptly  on  all  sides  this  simple  relationship  is  due  to  the  fact 
that  we  have  to  deal  with  lamps  which  may  be  identical  in  every 
other  respect,  and  yet  which  vary  quite  widely  in  the  matter  of 
exhaustion.  I  must  confess  that  it  is  one  of  the  chief  difficulties 
which  lie  in  the  way  of  any  one,  who  will  experiment  with 
lamps  of  this  kind.  It  can  be  overcome  by  the  use  .of  a  pressure 
gauge  measuring  the  vacuum  in  each  case,  but  ordinarily  as  we 
know,  this  is  not  done.  I  should  like  to  call  attention  to  a 
very  well  known  method  by  means  of  which  any  one  can  detect 
slight  differences  in  temperature  in  two  incandescent  lamps,  even 
though  he  may  not  be  able  to  express  either  one  of  those  in  de- 
grees centigrade,  and  that  is  by  means  of  a  very  old  form  of 
photometer  known  as  the  Eumford  or  shadow  photometer.  Let 
any  one  take  two  lamps  made  with  the  very  greatest  care  by  onr 
methods  of  to-day,  and  of  the  same  type  and  marked  to  give  16 
or  20  or  whatever  candle  power  it  may  be,  at  the  same  voltage. 
Set  those  up  so  that  the  light  from  them  will  shine  upon  a 
sheet  of  white  paper,  and  interpose  a  block  so  as  to  get 
partial  shadow,  there  being  one  portion  in  complete  shadow  and 
two  portions  in  partial  shadow.  An  inspection  will  show  that 
one  of  those  shadows  is  always  a  shade  bluer  than,  the  other. 
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Now,  tliis  method,  I  presume,  many  of  you  have  used.  I  have 
used  it  with  very  much  satisfaction  in  attempting  oftentimes  to 
get  two  lamps  as  nearly  alike  as  possible.  This  method  is  one 
which  gives  a  very  delicate  means  of  getting  relative  differences 
of  temperature  or  at  least  of  determining  when  two  lamps  are  of 
precisely  the  same  temperature;  so  that  while  we  are  not  in  posi- 
tion to  express  that  temperature,  we  are  in  position  to  determine 
equality  of  temperature  with  a  considerable  degree  of  accuracy. 
It  seems  to  me  that  a  formula  of  the  kind  presented  in  this 
paper,  which  enables  one  to  calculate,  as  it  does  evidently  with 
great  readiness,  just  what  the  dimensions  of  a  lamp  should  be, 
will  be  of  great  value. 

Mr.  Geo.  B.  Pbesoott,  Jr. — Among  the  points  that  I  under- 
stood Mr.  Keed  to  make,  and  I  am  rather  afraid  I  may  be  in  error 
about  it,  was  this — that  one  of  the  advantages  of  a  cylindrical 
filament  or  one  of  circular  cross-section  over  any  other  form  was 
that  the  current  density  would  be  less,  and  to  illustrate  this  I 
understood  him  to  select  a  number  of  carbons  of  all  sorts  of  cross- 
section,  all  sorts  of  shapes  of  cross-section  at  the  same  tempera- 
ture or  rather  of  the  same  difference  of  potential  and  the  same 
current  flowing,  showing  that  the  resistance  was  the  same.  Now, 
if  they  were  of  the  same  resistance  and  the  same  length,  the 
cross-section  must  have  been  alike  and  I  should  suppose  that  the 
current  density  would  be  the  same  in  all  events. 

Mr.  Kekd  : — They  are  not  the  same  length.  I  have  stated 
that  the  e.  m.  f.  and  resistance  were  the  same — the  same  current 
at  the  same  potential.  Now,  they  have  different  areas  of  cr4'se- 
section  and  different  lengths,  which  you  will  find  to  l>e  true  by 
inspecting  this  formula.  Of  course,  if  the  lengths  were  the  same 
the  formula  could  not  be  true.  The  length  bears  a  certain  rela- 
tion to  the  other  constants. 

The  Chairman  (Vice-President  T.  C.  Martin) : — As  you  will 
have  noted,  Mr.  Reed  in  his  paper  mentioned  the  fact  that  the 
paper  itself  was  called  out  by  a  statement  made  before  the  In- 
stitute in  1886.  When  Mr.  Beed  first  brought  this  to  my  atten- 
tion it  appeared  to  me  that  we  were  not  at  all  wishful  to  make  the 
publications  of  the  Institute  a  vehicle  for  any  kind  of  errore,  or 
heresies,  or  heterodoxies,  and  it  therefore  seemed  to  me  well  thai 
he  should  bring  his  paper  before  us  on  that  subject,  so  that  it 
might  be  cleared  up,  no  matter  how  well  there  might  be  an 
understanding  on  the  point  in  the  better  informed  circles  and 
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where  the  investigation  had  been  pursned  to  any  length,  and  I 
think  Mr.  Heed  has  certainly  rendered  us  a  service  in  giving  us 
80  admirable  a  paper  in  so  brief  and  succinct  a  form  as  he  has 
given  it  to  us  this  evening. 

There  being  no  other  discussion,  we  will  proceed  to  the  next 
paper  upon  the  programme — that  by  another  member  who  is 
well  known  to  you,  Mr.  Delany.  I  have  much  pleasure  in  ask- 
ing Mr.  Delany  to  give  us  his  paper  on  his  New  Line  Adjusting 
System. 
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BY  P.  B.  DELANY. 


I  take  pleasure  in  bringing  before  you  tins  evening  an  im- 
provement in  telegraphy,  which,  although  of  recent  discovery, 
has  already  been  proven  to  be  practical  and  beneficial  in  its 
operation.  I  have  called  it  '*The  Line  Adjusting  Systeia/' 
This  title  is  not  strictly  correct ;  but  it  is  the  most  comprehensive 
one  I  conld  think  of.  The  system  keeps  relays  at  intermediate 
stations  in  a  telegraph  circuit  in  adjustment  in  bad  weather. 

In  this  country  we  call  a  partial  loss  of  current  to  the  earth 
"  escape  "  to  distinguish  that  condition  from  a  "  ground,"  which 
means  total  loss.  The  terms  "light  escape,"  "heavy  escape" 
and  "  ground "  express  the  different  degrees  of  depletion  of  a 
telegraph  wire  of  its  current.  Demoralization  in  the  operation 
of  telegraphs  is  proportioned  relatively  to  each  degree.  No  one 
who  is  not,  or  has  not  been,  a  telegrapher  can  appreciate  the 
trouble  and  turmoil  which  a  rainy  day  brings  to  a  telegraph 
wire,  especially  to  a  way  wire,  such,  for  instance,  as  the  dispatch- 
ing wire  of  a  railway  on  which  there  are  usually  a  large  number 
of  intermediate  offices.  Light  escape  means  trouble,  but  heavy 
escape  means  chaos.  Improvement  in  insulation  has  done  much 
toward  remedying  the  difficulty,  but  perfect  insulation  cannot  be 
obtained,  nor  would  it  be  altogether  desirable,  for  then  the  wire 
could  not  in  all  cases  be  worked  at  as  high  a  speed  as  with  the 
present  faulty  insulation.  What  is  needed  is  an  insulation  con- 
stant in  its  imperfection.  So  long  as  bare  wires  are  strung  on 
poles,  and  rain  and  sunshine  succeed  each  other,  there  will  be  a 
fluctuating  condition  of  insulation,  and  consequently  an  ever- 
changing  current  on  the  line,  and,  as  a  matter  of  course,  corres- 
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ponding  changes  in  the  attraction  of  the  relay  magnet  for  its 
armature.  These  changes  in  the  magnetic  pull  necessitate  re- 
adjustments of  the  retractile  spring,  the  tension  of  which  must 
always  be  regulated  so  as  to  allow  the  armature  to  move  quickly 
between  its  limits,  in  response  to  the  make-and-break  of  the 
circuit  at  the  operator's  key  at  any  station  on  the  line. 

It  does  not  follow,  however,  that  a  loss  of  current  through 
bad  insulation  means  a  weakening  of  the  electro-magnetism  in 
all  the  relays.  I'his  is  generally  the  effect  near  the  middle  of 
the  line,  provided  the  escape  is  about  equal  on  either  side,  but  at 
stations  near  the  ends  of  the  line,  where  the  main  batteries  are 
located,  a  heavy  escape  means  a  reduction  of  resistance  of  the 
circuit  by  the  partial  ground  established  beyond  them,  so  that 
they  get  the  force  of  the  main  battery  from  the  terminal  near 
them  over  a  comparatively  short  circuit.  Under  such  conditions 
the  stations  near  the  ends  of  the  line  can  work  with  the  near 
terminal,  and  stations  between,  with  a  very  low  tension  on  the 
retractile  spring,  while  it  would  be  impossible  for  them  to  re- 
ceive signals  from  the  distant  terminal,  or  offices  beyond  the 
middle  of  the  line,  on  the  same  adjustment.  A  much  higher 
tension  must  be  put  on  the  spring.  On  a  line  having  an 
evenly  distributed  escape  throughout,  offices  near  the  middle 
should  not  have  as  much  difficulty  in  adjusting  as  offices  near  the 
ends,  provided,  of  course,  that  the  escape  is  not  so  heavy  as  to 
leave  them  insufficient  current  to  work  with.  It  frequently 
happens,  however,  that  a  storm  extends  only  over  half  the  line. 
Under  this  condition  all  the  offices  on  the  clear  end  of  the  line 
work  with  each  other  on  a  low  ad justment,  but  require  a  high 
adjustment  to  hear  the  offices  on  the  storm-bound  end  of  the 
wire.  Operators  naturally  prefer  a  low  adjustment  to  a  high 
one.  When  they  are  sending,  their  relay  armatures  and  sounder 
levers  respond  promptly  to  the  manipulation  of  the  keys,  making 
the  work  much  easier.  With  a  high  adjustment  the  drag  of  the 
sounder  click  behind  the  movement  of  the  key  renders  the  ma- 
nipulation laborious.  Hence  it  is,  that  an  operator  who  has  at  one 
minute  been  receiving  from  a  distant  station,  requiring  high  ad- 
justment, will,  when  he  comes  to  send  a  return  message,  turn 
down  his  adjustment,  so  the  sounder  will  follow  his  key  smoothly. 
Then  if  the  distant  station  finds  it  necessary  to  stop  him,  he  does 
not  feel  the  break,  but  goes  right  on  sending. 

I  have  noticed  that  nearly  all  operators,  good  and  '^^^^j^ft^Wf  ^ 
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of  their  abilities  to  send  rapidly,  and  nearly  all  are  ambitious  to 
send  faster  than  the  operator  at  the  receiving  station  can  write  it 
down,  or,  in  other  words,  to  "  rush  "  him.    This  is  especially  true 
of  young  operators ;  but  taking  them  collectively,  I  do  not  think 
there  is  a  body  of  craftsmen  in  existence  who  work  so  willingly 
as  telegraphers.    Each  seems  individually  impelled  to  "salt"  the 
man  at  the  other  end  of  the  line,  if  possible,  and  when  he  suc- 
ceeds in  making  him  "  break,"  he  mentally  records  a  victory  and 
goes  at  it  again  with  renewed  vigor.     To  outsiders  this  self-im 
posed  rapid  pace  may  seem  foolish,  but  to  the  knight  of  the  key 
there  is  great  glory  in  jt.     The  great  artist  never  lived,  actor, 
orator  or  musician,  whose  soul  was  more  thrilled  at  the  plaudits 
of  thousands,  than  is  the  soul  of  the  expert  telegrapher  when 
with  faultless  and  rapid  transmission  he  humbles  a  great  receiver 
by  compelling  him  to  beg  for  quarter.     There  is  music  in  it,  too, 
and  the  pride  is  pardonable,  as  every  one  who  has  been  chained 
to  a  mad  stream  of  dots  and  dashes  by  the  hour  in  the  stilly 
night,  bending  all  his  energies  to  keep  the  thread  and  write  it 
down  legibly,  will  admit.     Therefore,  it  is  not  to  be  wondered  at 
that  on  way  lines  where  ambition  and  ability  are  greatly  out  of 
])roportion,  there  is  always  trouble  in  bad  weather.     The  opera- 
tors are,  in  the  main,  young  and  inexperienced.     The  lines,  on 
account  of  the  large  number  of  instruments  in  the  circuits,  w^ork 
hard.     There  is  '*  breaking  in,"  delay  and  bad  temper.     This  is 
especially   the   case  with  railway  telegraphs,  where  perfection 
is  most  needed.     I  have  never  been  able  to  understand  the  nig- 
gardy  policy  pursued  by  many  great  railway  corporations  toward 
their  telegraph  department.     Poor  pay,  overwork,  miserable  ac- 
commodations have  been  the  rule  in  the  past.     While  money  has 
been  lavishly  spent  on  sleepers,  buffets  and   parlor  cars,  and  all 
kinds  of  luxurious  upholstery  and  conveniences,  to  attract  the 
traveller  by  rail,  the  rail  itself,  the  safety  of  the  car,  train  and 
passengers  have  been  made  to  depend  on  the  ability  of  some 
overworked  boy  at  some  far-off  way  station  to  resist  sleep,  at  a 
time  when  he  ought  to  be  snugly  tucked  away  in  bed.     If  the 
travelling  public  could  look  more  discriminatingly  at  the  electri- 
cal equipment  of  railroads  and  take  less  account  of  tapestry  and 
tinsel,  they  would  in  many  thousands  of  cases,  I  am  sure,  change 
their  line.     It  is  an  encouraging  sign  that  at  last  the  keystone 
and  foundation  of  railroading,  the  telegraph  service,  is  beginning 
t)  receive  batter  recognition.     Instead  of  allowins^  the  t^et;ra|)li 
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department  to  flounder  along  under  the  direction  of  the  master 
of  transportation,  or  division  superintendent  of  the  road,  with  no 
electrical  knowledge  whatever,  progressive  roads  now  have  super- 
intendents of  telegraph,  and  division  operators,  who,  by  their 
practical  training  and  experience,  are  making  great  strides  in  the 
improvement  of  the  service.  When  this  plan  is  carried  out  gen- 
erally, and  when  purchasing  agents^who  may  know  all  about  the 
various  other  supplies  necessary  for  running  railroads,  are  relieved 
from  the  selection  of  electrical  apparatus,  a  great  improvement 
will  be  effected.  It  may  appear  all  right  from  the  commercial 
standpoint  of  the  purchasing  agent  to  look  upon  a  relay  as  a 
relay,  a  battery  as  a  battery,  and  buy  those  which  cost  the  least, 
but  ten  cents  in  the  price  of  an  instrument  upon  the  effectiveness 
of  which  lives  and  property  depend  from  one  year's  end  to 
another,  could  not  influence  a  practical  telegrapher.  Instead  of 
forcing  bad  iron,  bad  wire,  bad  insulation,  and  clumsy,  cheap 
workmanship  into  telegraph  apparatus,  the  quality  and  efficiency 
of  instruments  will  some  day  be  the  prime  stipulation.  I  have 
seen  many  telegraph  relays  rendered  almost  useless  for  v^ant  of 
a  proper  retractile  spring.  This  may  seem  a  very  small  affair, 
but  it  is  really  very  important.  It  affects  the  efficiency  of  the 
entire  outfit  and  the  quality  of  tlie  service.  Upon  the  quality  of 
a  relay  spring  depends  the  woiking  of  the  instrument  quite  as 
much  as  upon  the  quality  of  the  current,  and  jet  it  is  only  neces- 
sary to  glance  at  the  apparatus  in  any  telegraph  office  to  almost 
invariably  discover  that  the  relay  spring  is  nearer  a  straight  piece 
of  wire  than  a  spiral,  and  that  a  half  turn  either  way  will  throw 
the  relay  out  of  operation.  At  the  risk  of  having  these  few 
criticisms  and  suggestions  ascribed  to  interested  motives,  I  ear- 
nestly commend  them  as  worthy  of  consideration. 

I  will  now  proceed  to  explain  how  a  great  improvement  may 
be  effected  in  the  operation  of  telegraph  lines  having  any  consid- 
erable number  of  way  stations.  I  claim  that  this  improvement  is 
almost  as  necessary  to  the  dispatching  wire  as  the  air  brake  is  to 
the  train.  It  gives  the  dispatcher  control  of  all  his  operators 
prevents  interruptions  and  delays,  and,  if  the  line  can  be  worked 
between  the  terminal  stations,  all  the  intermediate  offices  will  be 
in  perfect  working  order.  Their  instruments  will  work  as  well 
in  bad  weather  as  in  good.  Operators  cannot  evade  responsibility 
for  neglect  of  duty  or  seek  refuge  behind  the  excuse  that  their 
instruments  were  out  of  adjustment  on  account  of  the  bad  condi- 
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tion  of  the  line.  Their  instruments  will  always  be  in  adjustment, 
so  long  as  the  terminal  offices  can  coramnnicat^.  This  I  will,  in 
a  few  minutes,  demonstrate  in  a  practical  way  over  this  miniature 
line,  after  a  brief  reference  to  the  diagram  of  the  circuit  and  con- 
nections which  you  have. 

Fig.  1.  shows  a  telegraph  line  extending  from  New  York  to 
Philadelphia,  with  New  Brunswick  and  Trenton  as  way  stations. 
There  might  be  forty  such  stations,  but  these  two  will  suffice  for 
our  illustration.  The  figure  shows  the  ordinary  outfit  for  closed 
circuit,  single  current  working;  the  system  used  almost  exclusively 
in  this  country,  and  comprising  a  relay,  sounder,  and  key,  the 
only  adjustment  being  the  adjuster  a.  This  instrument  con- 
sists of  a  magnet,  armature  lever,  /,  pawl,  p^  and  stops  a  and  J, 
ratchet  wheel,  /•,  on  the  shaft  which  carries  the  trailing  finger,  t^ 
and  the  circle  of  segments.  Alternating  segments  are  joined  to 
a  common  plate.  Set  s  form  part  of  the  circuit,  while  set  s', 
are  not  connected,  but  simply  serve  to  make  a  smooth  track  for 
the  trailing  finger.  Beginning  at  the  Philadelphia  end,  the  cir- 
cuit may  be  easily  traced  from  the  main  battery,  m  b,  and  key 
to  segment  plate,  s,  upon  which  the  trailer,  t^  rests.  From  the 
trailing  finger  to  relay,  r,  through  relays  at  Trenton  and  New 
Brunswick  to  New  York,  where  it  goes' from  relay,  r',  to  trailer, 
^', segment  plate,  s,  to  key,  main  battery,  m  b,  and  to  earth.  The 
adjuster  magnets  are  in  the  local  circuit  with  the  sounders,  sr. 
Fig.  2  is  a  diagrammatic  view  of  the  switch  connections  of  the 
adjuster  for  throwing  it  in  or  out  of  use,  as  the  state  of  the 
weather  or  line  may  require ;  mm  are  the  main  line  wires,  ll 
the  locals.  The  switch  is  now  in  neutral  position.  Of  course  it 
is  never  allowed  to  remain  so  in  practice,  as  both  the  main  and 
local  circuits  would  be  broken.  Fig.  3  is  a  perspective  view  of 
the  instrument,  inclosed  and  ready  for  use. 

Let  us  assume  that  the  weather  is  fine,  and  the  line  clear.  The 
switch  will  be  thrown  to  the  left.  The  adjuster  will  be  out  of 
use,  the  line  being  connected  outside  of  the  trailer  and  segments^ 
while  a  small  resistance  coil,  shown  on  the  switch,  will  be  substi- 
tuted for  the  adjuster  magnet  in  the  local  circuit,  the  battery  of 
which,  on  account  of  ^he  adjuster  is  increased  from  two  gravity 
cells  to  five.  While  the  switch  is  in  this  position  we  have  the 
present  ordinary  organization  for  working.  Now,  if  a  rain  storm 
comes  on,  an  intermediate  earth  route  for  the  main  batteries  at 
New  York  and  Philadelphia  is  estabKshed,  and  trouble  with  the 
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adjustment  of  all  the  intermediate  relays  begins.  If  the  escape 
be  evenly  distributed,  Trenton  will  hear  Philadelphia  on  a  lower 
adjustment  than  that  required  for  hearing  Kew  York,  while  New 
Brunswick  will  get  New  York  on  a  lower  adjustment  than  is 
necessary  for  receiving  signals  from  Philadelphia.  An  office  in 
the  middle  of  the  line  would,  if  the  main  batteries  were  of  equal 
strength,  get  New  York  and  Philadelphia  on  the  same  adjust- 
ment, but  with  greatly  diminished  current,  on  account  of  the 
partial  ground  or  escape  on  either  side  of  him.  Ordinarily,  as 
all  telegraphers  know,  there  is  a  considerable  margin  of  adjust- 
ment. I  would  not  be  understood  to  state  that  in  all  cases  a 
radical  change  of  adjustment  is  necessary.  It  will  depend  on 
the  length  of  the  line,  the  number  of  intermediate  relays  in  the 
circuit,  and  the  severity  of  the  storm,  or  the  general  condition  of 
the  circuit  prevailing  at  the  time. 

We  all  know,  however,  that  on  all  way  wires  vexatious  inter- 
ferences and  delays  begin  as  soon  as  a  storm  sets  in,  and  that 
New  York  might  be  calling  Trenton,  while  Trenton,  unconscious 
of  the  fact,  might  be  endeavoring  to  get  New  York.  When  a 
few  of  these  careless  and  inexperienced  operators  let  themselves 
loose  on  a  long  line  during  bad  weather,  the  use  of  the  wire  is 
practically  paralyzed.  One  of  these  oblivious  free-lances  may 
monopolize  it  for  hours  at  a  time,  and  it  not  infrequently 
happens  that  two  of  them,  thinking  the  line  idle,  will  strike  up 
conversation,  which  an  unappreciative  and  disgusted  audience  of 
fellows  all  along  the  line  must  listen  to,  while  messages  of  life 
and  death  are  awaiting  transmission.  Furthermore,  operators 
cannot  read  so  well  when  there  is  heavy  escape  on  the  line,  be- 
cause of  the  high  adjustment  required  for  their  relays,  and  con- 
sequent "clipping"  of  the  signals  on  the  sounders,  owing  to 
imperfect  or  light  contact  at  the  relay  points.  They  must 
"break"  and  call  for  repetitions,  and  it  often  happens  that 
rather  than  do  this,  they  will  guess  at  imperfectly  received 
signals,  the  danger  of  which,  especially  on  railroad  lines,  all  can 
appreciate.  The  adjusting  system  is  designed  to  overcome  these 
difficulties.  With  what  success  you  will  soon  have  an  oppor- 
tunity to  judge. 

By  throwing  the  switch  to  the  right,  the  adjuster  is  instantly 
in  use.  If  Philadelphia  opens  his  key,  and  New  York  be  ad- 
justed over  the  partial  ground  which  I  here  insert  between 
Trenton  and  New  Brunswick,  to  represent  a  rainy  day  on  the 
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line,  tlie  Xew  York  relay,  r',  will  be  affected,  the  armature 
pulled  back  by  its  spring,  will  leave  its  front  stop  and  break  the 
local  circuit,  in  which  are  included  the  sounder  and  the  adjuster 
magnets,  the  pawl  on  the  adjuster  lever  engaging  a  tooth  of  the 
ratchet  wheel,  a*,  on  the  shaft  carrying  the  trailer,  t\  will  push 
the  trailer  across  the  blank  or  dead  segment  of  the  plate  s', 
thereby  disconnecting  the  main  battery  at  New  York  far  an 
iiidanU  during  which  time  there  is  no  battery  on  the  line  at 
either  end,  and  consecpiently  no  current  to  keep  the  armatures 
of  intermediate  relays  attracted  to  their  magnets.  Therefore,  so 
long  as  the  terminal  offices  can  communicate  with  each  other,  all 
the  instruments  between  will  be  in  adjustment  and  intercom- 
munication rendered  almost  as  easy  as  during  good  weather. 
The  operators  at  these  offices  are  not  only  kept  aware  that  the 
line  is  in  use,  but  their  relays  work  on  a  much  lower  adjustment, 
notwithstanding  that  the  opening  at  one  end  is  but  for  an  instant. 
The  armatures  of  the  relays  having  been  released  by  this  short 
break  will  not  be  attracted  again  readily  by  the  re-establishment 
of  the  partial  ground,  or  not  until  the  battery  is  connected  again 
at  both  ends,  by  closing  of  the  key.  When  an  intermediate 
office  is  sending,  the  line  is  opened  at  three  points,  the  key,  as 
long  as  it  is  held  open,  and  at  both  ends  for  an  instant. 

Now,  if  you  will  continue  your  kind  indulgence  for  a  few 
moments,  I  will  endeavor  to  give  you  a  practical  demonstration 
of  what  I  have  been  trying  to  explain. 

The  adjusters  are  now  switohed  out.  We  start  out  with  a 
clear  day.  All  the  relays  on  the  line  have  a  normal  adjustment 
and  respond  to  the  manipulation  of  any  key  Philadelphia  is  send- 
ing. The  instruments  at  Trenton,  New  Brunswick  and  New 
York  all  receive  the  signals.  By  placing  a  lead  from  the  line 
and  ground  wires  in  this  jar  of  water  we  have  in  effect  a  rain 
storm,  with  its  centre  between  Trenton  and  New  Brunswick, 
making  quite  a  heavy  escape.  Now,  when  Philadelphia  operates 
his  key,  the  Trenton  instrument  speaks  up  as  before,  but  New 
Brunswick  and  New  York  are  silent.  New  York  being  a  head 
office,  however,  has  experienced  and  careful  operators  who  take 
the  precaution  to  try  the  relays  on  a  high  adjustment  to  see  if 
anything  is  going  on.  Finding  the  line  in  use,  they  adapt  the 
adjustment  to  the  changed  condition.  Now  the  adjuster  comes 
into  action  and  wakes  up  our  friend  at  New  Brunswick,  who 
would  otherwise  be  deaf  to  calls  from  Trenton  or  Philadelphia, 

Digitized  by  VjOOQIC 


TELEGRAPH  LINE  ADJUSTMENT,  613 

and  would  at  the  same  time  be  a  ruthless  trespasser  if  he  had  a 
message  to  send.  It  will  therefore  be  plain  that  the  instruments 
at  all  intermediate  offices  must  work  whenever  it  is  possible  to 
work  the  line  from  one  terminal  to  another  under  the  most 
delicate  adjustment. 

The  Chairman: — Mr.  Delany  said  "Let  us  assume  that  the 
weather  is  line."  The  operators  between  New  York  and  Phila- 
delphia this  evening  would,  no  doubt,  be  glad  to  assume  those 
conditions,  and  in  default  of  those  conditions  I  have  not  tlie 
least  doubt  that  not  only  they,  but  the  operators  on  the  long 
railway  lines  would  be  v^ery  glad  indeed  to  have  placed  at  their 
command  so  valuable  an  assistance  as  this  which  Mr.  Delany  has 
brought  before  us  this  evening.  It  is  fifty  odd  years  since 
the  telegraph  was  first  introduced  and  a  great  many  of  us  are 
apt  to  assume  that  it  is  perfect.  There  is  probably  hardly  any 
electrical  invention  to-day  which  is  so  imperfect  as  the  telegraph, 
and  we  have  reason  to  be  thankful  to  such  men  as  Mr  Delany 
for  devoting  their  time  and  attention  and  talent  to  perfecting 
what  has  been  one  of  the  great  inventions  of  our  time.  It  is 
important,  in  connection  with  such  a  body  as  the  Electrical 
Engineers  that  we  should  impress  upon  our  own  constituency  as 
well  as  the  public  how  large  and  varied  is  our  field,  and  I  think 
it  could  hardly  have  been  done  in  a  more  emphatic  manner  tlian 
we  have  accomplished  it  this  evening,  with  Mr.  Reed  at  one  end  of 
the  line  discussing  incandescent  lamps  and  Mr.  Delany  at  the 
other  showing  how  important  it  is  that  the  travelling  public 
should  have  placed  at  their  service  a  complete  telegraph  system. 
When  Mr.  Delany  promised  to  give  us  this  paper,  it  occurred  to 
me  that  it  would  be  well  if  he  would  also  favor  us  with  a  few 
remarks  on  another  subject,  namely,  the  gravity  cell,  to  which 
he  has  been  devoting  some  attention.  One  merit  of  Mr  Delany's 
work  in  connection  with  primary  batteries  is,  that  he  does  not 
claim  to  light  the  universe  with  it.  What  its  demerits  are  I 
will  now  leave  him  to  tell  vou. 
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NOTE   ON   A   NEW  GRAVITY   CELL. 


BY    P.    B.    DELANY. 


1  have  taken  too  much  of  your  time  already,  and  I  will  make 
hut  the  briefest  reference  to  this  modification  of  the  standard 
gravity  battery.  In  fact  it  requires  but  little  explanation.  The 
sulphate  of  copper  is  inclosed  in  the  straw  board  box.  The  zinc 
in  a  paper  envelope,  and  the  rim  of  the  jar  has  attached  to  it  on 
the  inside  by  a  sticky  substance,  a  band  of  rubber  cloth.  The  ad- 
vantages claimed  for  the  cell  are  as  follows :  When  the  battery 
is  first  set  up  the  dust  of  sulphate  of  copper  is  not  instantly  dis- 
solved and  diffused  throughout  the  liquid,  coating  the  zinc  with 


copper,  as  is  the  case  with  the  ordinary  cell.  Several  minutes 
elapse  before  discoloration  of  the  fluid  begins,  and  then  only  at 
the  bottom  of  the  cell,  from  whence  it  rises  very  gradually,  never 
reaching  the  zinc.  If  the  box  be  filled,  the  charge  of  copper  is 
always  uniform.  Deposited  or  spongy  metallic  copper  cannot 
fall  upon  the  crystals  from  the  zinc,  and  caking  or  massing  in 
the  bottom  of  the  jar  is  thus  prevented.  The  copper  electrode 
is  held  firmly  in  positi(m,  always  the  same  distance  from  the 
zinc. 

In  a  battery  of  any  considerable  number  of  ordinary  cells  it 
would  be  difficult  to  find  two  alike  in  this  respect.  There  are 
little  or  no  stalactic  formations  from  the  zinc,  and  consequently 
no  local  action,  rendering  the  battery  very  useful  for  open  circuit 
work.  When  water  is  poured  in  to  make  up  for  evaporation,  the 
e(juilibrium  of  the  fluids  is  not  disturbed.     The  d^o^^^^he 
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zinc  thus  protected  is  easily  removable,  requiring  no  hacking  or 
scraping.  One  zinc  will  endure  two  charges  of  sulphate  of 
copper. 

The  band  around  the  rim  is  one  of  the  most  important  features 
of  the  cell,  as  it  prevents  zinc  sulphate  from  creeping  over.  It 
offers  simply  a  mechanical  obstruction.  It  works  perfectly  in 
practice.  Of  course  these  strips  or  bands  may  be  applied  to  any 
battery  requiring  them.  They  serve  equally  well  for  Leclanche 
battery,  and  to  attach  them  to  cells  of  any  kind  already  up,  it  is 
only  necessary  to  see  that  the  rims  of  the  jars  are  clean  and  dry. 
The  sticky  side  of  the  strip  should  be  heated  slightly  and  pressed 
on  firmly  all  around. 

DISCUSSION. 

Mr.  C.  L.  Healy  : — I  would  like  to  ask  Mr.  Delany  in  regard  to 
the  resistance  of  the  cell. 

Mr.  Delany  : — I  have  not  had  accurate  measurements  of  it, 
but  from  the  measurements  that  I  have  had — tliey  were  com- 
municated to  me  by  people  who  had  tried  the  battery  — I  find 
that  the  resistance  is  about  the  same,  and  the  current  about  the 
same  as  in  the  ordinary  gravity  cell.  You  would  suppose  that 
the  resistance  would  be  increased  slightly  on  account  of  the 
paper  box  and  the  paper  envelope,  but  you  will  observe  in  this 
battery  that  the  copper  electrode  is  considerably  nearer  the  zinc, 
and  probably  that  compensates  for  the  intervention  of  the  en- 
velope and  the  box. 

Mr.  Healy: — Does  the  introduction  of  the  adjusting  appa- 
ratus make  any  difference  with  the  working  of  the  instrument  i 

Mr.  Delany  : — None  at  all.  There  is  no  perceptible  lagging. 
It  has  been  in  operation  for  some  years  on  prominent  railways 
and  they  make  no  complaint  in  that  regard. 

Mr.  R.  W.  Pope  : — ^I  would  like  to  assure  our  members  that 
Mr.  Delany's  remarks  in  regard  to  the  condition  of  the  way  Un^s 
in  this  country  are  no  fancy  sketch  at  all.  A  great  many  people 
have  an  idea  that  there  has  been  progress  in  telegraphy  as  well  as 
other  branches,  but  so  far  as  the  way  lines  are  concerned  I  can 
speak  from  actual  experience  during  the  past  summer,  that  they 
are  in  many  cases  just  as  bad  or  worse  than  they  were  twenty 
years  ago.  I  have  learned  from  some  inquiries  on  the  subject 
that  the  same  care  is  not  taken  in  keeping  up  the  lines  as  was 
formerly  the  case.     This  matter  of  adjustment  at  way  stations 
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comes  home  to  every  man,  for  the  reason  that  all  may  have  occa- 
sion some  time  during  our  lives  to  send  telegrams  to  small  sta- 
tions, and  it  is  a  fact  that  very  often  there  are  annoying  delays 
that  are  accounted  for  by  companies  on  the  plea  of  bad  weather. 
That  is  taken  as  something  that  cannot  be  prevented ;  it  is  an  act 
of  God.  But  here  we  see  a  device  for  preventing  a  large  pro- 
portion of  this  trouble,  which,  to  my  own  knowledge,  has  been  in 
practical  operation  for  some  time.  I  have  recommended  it  to 
some  of  the  railway  telegraph  superintendents,  who  have  since 
tried  it,  and  have  talked  with  them  about  it  and  found  that  it  is 
giving  perfect  satisfaction.  In  fact,  at  the  meeting  of  Railway 
Telegraph  Superintendents  in  Washington  one  of  the  gentle- 
men from  Boston  said  that  a  storm  came  up  that  week  and  his 
dispatcher  told  him  that  they  could  not  have  used  the  wire  at 
all  if  it  had  not  been  equipped  with  this  device.  The  diffi- 
culty arises  from  the  fact  that  at  the  smaller  oflSces  the  operators 
do  not  give  constant  attention  to  their  instruments.  They  have 
multifarious  duties  in  railroad  stations — selling  tickets,  checking 
baggage  and  things  of  that  kind,  and  the  instrument  is  left  to 
take  care  of  itself.  They  may  be  away  for  from  half  an 
hour  to  an  hour.  In  fact  I  knew  of  a  case  this  summer  where  a 
freight  train  was  detained  for  an  hour,  simply  because  the  oflSce 
where  it  lay  could  not  get  instructions  for  the  train  to  proceed. 
It  was  a  bad  night,  and  it  is  fair  to  assume  that  in  this  case  if  a 
system  of  this  kind  had  been  in  use  they  would  have  had  no  diffi- 
culty. That  is,  providing  the  dispatcher's  office  was  manned  with 
sufficient  force  to  take  care  of  all  wires.  That  I  am  free  to  confess 
is  not  always  the  case.  A  great  many  times  an  operator  is  supposed 
to  take  care  of  three  or  four  wires  because  they  do  not  require 
constant  attention,  but  as  a  matter  of  fact  he  may  be  wanted  on 
three  or  four  wires  at  the  same  time.  The  fact  that  railroad 
companies  do  not  pay  sufficient  attention  to  their  telegraph  equip- 
ment, I  think  is  due,  to  a  certain  extent,  to  the  fact  that  there  is 
little  or  no  revenue  from  the  telegraph  service.  It  is  an  expense 
to  the  road,  and  being  an  expense  and  not  a  source  of  revenue, 
they  do  not  give  it  that  attention  that  they  would  if  it  were  an 
actual  revenue-earning  part  of  the  system.  Of  course,  it  saves 
them  a  great  deal  of  expense  and  a  great  deal  of  annoyance,  and 
yet  at  the  same  time  its  importance  is  not  recognized  as  it  would 
be  if  it  were  a  profit  earning  part  of  tlie  system.  That  may  not 
be  a  good  reason,  but  I  think  it  is  the  reason. 
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There  was  one  interesting  fact  came  up  in  connection  with  this 
experiment  here.  It  was  interesting  to  me,  knowing  tlie  circum- 
stances, although  it  has,  no  bearing  on  tliis  particular  subject. 
It  was  necessary  to  arrange  an  equipment  here  of  twenty-five  cells 
of  carbon  battery,  and  I  assured  Mr.  Delany  he  would  have  no 
trouble  in  getting  them.  I  went  to  the  Gold  and  Stock  Telegraph 
Company  where,  four  or  five  years  ago,  they  had  10,000  cells 
of  carbon  battery,  and  it  was  with  some  difficulty  they  scraped  up 
the  number  of  cells  that  I  wanted.  They  had  all  been  replaced 
by  the  use  of  dynamo  machines.  The  probability  is  that  if  we 
should  want  to  make  a  similar  exhibition  in  the  coui*se  of  a  year, 
we  should  have  to  go  out  and  buy  the  cells,  and  it  is  quite 
possible  that  they  may  go  out  of  the  market  altogether. 

Prof.  Alfred  6.  Compton  : — A  question  occurs  to  nie — not 
as  an  expert  at  all,  but  simply  as  a  layman — and  I  should  like  to 
ask  Mr.  Delany  about  it.  The  difficulties  along  the  line  occa- 
sioned by  storms  are,  of  course,  increased  by  the  bad  condition 
of  the  line.  I  wonder  whether  putting  this  adjuster  into  the 
hands  of  the  operators  may  not  lead  to  continued  neglect  in  the 
care  of  the  lines,  and  if  so,  whether  by-and-by  we  might  not 
reach  a  condition  in  which,  even  with  the  adjuster,  we  might  be 
unable  in  bad  weather  to  operate  at  all.  I  don't  know  what  thtj 
minimum  of  leakage  or  demoralization  on  the  line  might  btj 
under  which  the  adjuster  itself  might  become  unmanageable.  I 
should  like  to  hear  a  word  on  that. 

Mr.  Delany: — From  the  experience  on  railroads  in  the  past, 
I  don't  know  but  it  may  come  about  that  the  gentleman's  fears 
may  be  verified  but  1  hope  that  that  objection  will  not  be  raised 
against  the  introduction  of  the  system.  As  regards  the  amount 
of  escape  which  would  entirely  prevent  coirmiunication,  that 
would  be  hard  to  determine.  It  would  depend  entirely  on  the 
length  of  the  circuit  and  the  character  of  the  magnets  in  the 
circuit  and  the  number  of  them,  and  the  total  extra  induced  cur- 
rents from  the  magnets  and  the  condition  of  the  wire,  its  resist- 
ance, and  the  pressure  and  the  current  generally  that  was  in  use. 
I  think,  however,  that  as  soon  as  the  railway  companies  reach 
till'  point  when  they  cannot  under  any  circumstances  communi- 
cate from  one  terminal  to  another,  and  consequently  cannot  work 
with  intermediate  stations  either,  probably  they  will  be  driven  to 
«ome  expedient  to  improve  the  condition  of  the  line. 

The  Secretary  : — I  would  like  to  announce  to  the  members 
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that  the  American  Society  of  Mechanical  Engineers  is  in  session 
in  this  city,  and  will  be  for  two  days,  at  No.  12  W.  31st  St.,  the 
Academy  of  Medicine.  They  have  invited  such  of  our  members 
as  have  any  desire  to  be  present  at  their  sessions,  that  they  will 
be  pleased  to  have  them  attend. 

The  Chairman:  — As  electrical  engineers  are  nine-tenths  me- 
chanical engineers,  according  to  the  deiinitiou  that  Sir  William 
Thomson  has  given  of  the  electrical  engineer,  I  have  no  doubt 
we  ought  to  derive  a  good  deal  of  instruction  and  benefit  from 
those  meetings,  and  I  am  sure  that  Prof.  Hutton  and  his  fellow 
officers  and  the  members  of  the  Society  of  Mechanical  Engi- 
neers will  be  glad  to. welcome  our  members  among  them. 

I  would  like  to  announce  that  the  subject  of  our  next  meet- 
ing, that  of  December,  is  a  very  important  and  interesting  one, 
namely,  ''Transformers,"  upon  whicli  subject  we  shall  have 
the  pleasure  of  hearing  Prof.  Ryan,  of  Cornell  University,  who 
is  associated  with  our  esteemed  Vice-President,  Prof.  Nichols. 
Tliis  paper  will  embody  some  very  important  valuable  data,  and 
will  be  one  of  the  most  interesting  papers  of  the  season.  The 
paper  following  that  in  January,  will  be  given  by  Prof.  Anthony 
on  a  subject  yet  to  be  named  by  him. 

Adjourned. 
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Indus t,  Oct  26,  p.  400. 
The   Blectric   Light   for  Haustholm'  Lighthouse.     (Note.)     lumd. 

EUc.  Rev,,  Oct.  5,  p.  377- 
Blectric  Light  in  the  Lumber  Business.     West.  EUcn.,  Oct.  6,  p.  182. 

Alternating  Work  of  the  Fort  "Wajne  Jenney  Company.     West. 

EUcn.,  Oct.  6,  p.  182. 
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The  SllTey  DTHanio.    (111.)     IVtsi,  EUcn,,  Oct.  6.  p.  179. 
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The  Schuyler  Armature.    (111.)    Land,  EUc.  Engr,,  Oct.  19,  p.  329. 
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The  "Waterhouse  Method  of  Djnamo  Regulation  for  Constant 
Currents.  (111.)  Land,  Elecn.,  Oct.  12,  p.  738 ;  Lond,  EUc,  Engr,,  Oct. 
12.  p.  305  ;  Lond.  EUc,  Rev.,  Oct.  12,  p.  396. 
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p.  193. 
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Oct.  6.  p.  180. 
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Slectrlc  Conductors  for  Alternating  Currents.  Sir  W.  Thomson. 
Brit.  Assn.     Science,  Oct.  26,  p.  201. 

Regulating  Alternating  Current  Dynamo-Slectrlc  Machines* 
(111.)    W.  Lowrie.     Lond,  EUc,  Engr,,  Oct.  5,  p.  283. 

Transformers  In  Medicine.    EUc.  World,  Oct.  13,  p.  194. 

Sarthlng  the  Secondary.  Lmd.  EUc,  Rev,;  N,  Y,  EUc,  Rev.,  Oct.  13,  p.  8. 

Some  Points  In  Distribution  by  Transformers.  (111.)  Ludwig  Gut. 
mann.  EUc,  World,  Oct.  13,  p.  194 ;  Lond.  EUc.  Engr,,  Oct.  26,  p.  344 ; 
EUc,  World,  Oct.  26,  p.  456. 
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Ltnd.  EUe,  Rev,,  Oct.  19,  p.  430. 
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ELECTRIC  MOTORS. 
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EUcn,,  Oct.  5,  p.  698. 
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Lond.  Elee,  Engr,,  Oct.  5,  p.  280. 
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N,  Y,  EUc,  Rev,,  Oct.  6,  p.  8. 

The  Blectrioal  Transmission  of  Power.    Indust,  Oct.  26,  p.  404. 
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R.  B.  Owens.     EUc,  IVorUL,  Oct.  27,  p.  231. 

The  Sprague  Blectric  Transfer  Table  at  Altoona,  Pa.  EUc, 
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World,  Oct.  6.  p.  187;  Lond,  EUcn.,  Oct.  19,  p.  754;  Lond.  EUc,  Engr., 
Oct.  19,  p.  320.  ^ 
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Blectrloltj  as  AppUed  to  Milling.  Frank  Brain.  Brit.  Assn.  Jjomd, 
Elecn,^  Oct.  5.  p.  704  ;  Lond^  EUc.  Rev,,  Oct.  12,  p.  400 ;  Land,  EUc.  Engr.^ 
Oct.  12,  p.  310. 
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Bleotrloal  Pleasure  Boats.    (Note.)    L(md,  EUc  Rev.,  Oct  12,  p.  409. 
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The  Blectrio  Rallwaj  at  Richmond,  Va.     Indust.,  Oct.  26,  p.  403. 
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World,  Oct.  27,  p.  225. 

The  Haass  Slectric  Rallwaj  System.  (111.)  EUc  World,  Oct.  27, 
p.  227. 
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19.  P-  771-    (Van  Depoele  road  at  St.  Catharine's.) 

Blectric  Traction  in  Paris.    (111.)    Lond.  EUcn,,  Oct.  5,  p.  708. 

Daft  Slectric  BaUway  Motors  of  86  H.  P.     (111.)    EUc  World,  Oct. 

20,  p.  206. 

A  Ilonble  Bnded  Car  for  Blectric  RailwaTS.  (111.)  EUc  World, 
Oct.  20,  p.  214.    (Verstraete.) 

An  Slectric  Mountain  Railway.  (Burgenstock.)  Set.  Am  ,  Oct.  13, 
p.  231. 

A  New  Blectric  Postal  Railway.     EUc  World,  Oct.  6,  p.  183. 
(Electro- Automatic  Transit  Co.,  Baltimore.) 

Blectric  Dog  Cart  for  the  Sultan  of  Turkey.  (111.)  N,  Y,  EUc 
Rev,,  Oct.  6,  p.  9 ;  Md.  Lt.  &*  Ht.,  Oct.  4,  p.  405 ;  Sci,  Am,,  Oct.  6,  p.  215; 
EUc  World,  Oct.  20,  p.  214.     ^Immisch  ) 

The  Julien  Station  for  Storage  Cars,  New  York.  (111.)  EUc, 
World,  Oct.  20.  p.  207 ;  Md,  Lt  (5r»  Ht,  Oct.  25,  p.  472. 

The  Thomson-Houston  Blectric  Railway  at  Washington,  D.  C- 
Md,  Lt,  6-  Ht,,  Oct.  25,  p.  472. 

Slectricity  ts.  Horses.  (Street  Car  Convention  in  Washington.)  N.  Y, 
EUc,  Rev.,  Oct.  27,  p.  i. 
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(Papers  by  M.  B.  Leonard  and  A.  Robinson,  Am.  Inst.  Elec.  Engrs.,  Oct.  9. 
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New  Form  of  Law  Battery.    (111.)     West.  EUcn.,  Oct.  6.  p.  182. 

New  Cabinet  QalTanic  and  Faradio  Medical  Battery.  (III.)  J.  C. 
Vetter  &  Co.     EUc.  World,  Oct.  13,  p.  198. 

InexpenslTO  Carbon  Plates  for  Gbrenet  Batteries,  Ac.  (111.)  C. 
Fetzcs.     Sci.  Am  ,  Oct.  27,  p.  264. 

A  New  Method  of  Amalgamating  Zincs.  (Note.)  Land.  EUcn.,  Oct. 
19.  p.  751. 

Comparison  of  Qassner's  Dry  Cells  with  Leclanches.  W.  L.  Car- 
penter.   Brit.  Assn.    Lond,  EUcn.,  Oct.  5,  p.  703. 

The  Minimum  Point  of  Change  of  Potential  of  a  Voltaic  Couple. 
G.  Gore      N.  Y.  Elec.  Engr.,  Oct.,  p.  481. 

Notes  on  Telephone  Batteries.  F.  A.  Pickemell.  Nat.  Tel.  Ex.  Assq. 
A\  Y.  Elec.  Engr.,  Oct.,  p.  482 ;  Lond.  EUc.  Rev.,  Oct.    19,  p.  443. 


SECONDARY  BATTERIES,  &c. 
Idght  Batteries  for  Ballooning.     (Note.)    Lond.  EUcn.,  Oct.  26,  p.  782. 

Practical  Notes  Concerning  the  Construction,  Use  and  Manage- 
ment of  Storage  Batteries*  A.  Reckenzaun.  (Cont'd  from  p.  394.) 
N.  Y.  EUc.  Engr ,  Oct.,  p.  479. 

Reports  and  Remarks  on  Accumulators.  A.  Von  Waltenhofen.  Central- 
blattfilr  EUktroUchnik.     Lond.  EUc.  Rev.,  Oct.  19,  p.  425. 

Faure's  New  Secondary  Battery.    (111.)  Elec.  World,  Oct.  27,  p.  231. 
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Reoeni  ImproToments  in  Seoondary  Batteries,  and  in  liiachinerj 
for  their  Bianofkctore.  (111.)  A.  F.  Madden.  EUc^fVarid.Ott,  2T, 
p.  224. 

Caloolating  the  Internal  Reaistanoe  of  a  Storage  ^atterj.  (111.) 
j.  D.  Dallas.    EUc.  World,  Oct.  6,  p.  182. 

ThQ  Tudor  Accumulator.     Science,  Oct.  12,  p.  173. 


ELECTROLYSIS. 

Blectrolytio  Formation  of  Aluminium  AII078.  Jules  Dreyfus.  (Note  ) 
Land.  Elecn.,  Oct  26,  p.  782. 

nie  Blectroljtio  Purification  of  Alcohol.  Land.  Elecn.,  Oct.  26, 
p.  789. 

Is  the  Velooitj  of  Idght  in  an  Blectroljtic  Fluid  Influenced  bj 
an  Blectric  Current  in  the  Direction  of  Propagation  ?  Lodge, 
Brit.  Assn.     Science,  Oct.  12,  p.  173. 

Report  of  the  SlectrolTsis  Committee  to  the  British  Association. 

Lend,  EUc,  Engr,,  Oct.  5,  p.  285. 

Blectrolysis  of  Tin  Salts.  (111.)  A.  Watt.  Lond,  EUc.  Rev,,  Oct.  5,  p. 
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ATMOSPHERIC  ELECTRICITY,  LIGHTNING.  &c. 

Idghtning  Photographs.    (111.)    Land,  EUen,,  Oct.  19,  p.  774. 

A'  Damaged  Idghtning  Protector.  (111.)  La  Lumihe  EUctrique, 
Land.  EUcn,,  Oct.  5,  p.  708. 

liightning  Conductors.  (^Cont'd  from  p.  354)  Land,  EUc,  Rev.,  Oct.  5, 
p.  373  ;  Oct.  12,  p.  412  ;  Land.  EUc,  Engr,  (Cont'd  from  p.  271),  Oct.  5, 
p.  293. 

The  Iiaw  Idghtning  Arrester.  (111.)  (Coxt.)  Elihu  Thomson.  EUc. 
World,  Oct.    13,  p.  194. 

Liombardy  Poplars  as  Idghtning  Rods.    EUc,  World,  Oct.  13,  p.  198. 

liightning  Conductors.    EUc.  World,  Oct.  20.  p.  205. 

Idghtning.  S.  A.  Varley.  (Cont'd  from  p.  400.)  Land,  EUc  Rev.;  N,  V. 
EUc.  Engr.,  Oct.,  p.  491. 

Protection  From  Idghting.    Eng.;  N.  Y.  EUc.  Engr.,  Oct.,  p.  496. 

liightning  Conductors.    O.  Lodge.  Brit.  Assn.    Eng.,  19,  p.  384. 


MECHANICAL,  Etc. 

Instantaneous    Boiler.    (Note.)    Serpollet  Fr^res.    Le  Genie  Civil;  Land. 

EUc.  Engr.,  Oct.  19,  p.  320. 
Bell's  Nev  Pattern  of  Cocks  and  Qauges.    (111.)    Lmd.  EUc,  Engr., 

Oct.  26,  p.  353.  '  I  \ 
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A  Nev  Compound  Condensing  High-Speed  JBnglne.  (lU.)  Mr. 
World,  Oct.  6,  p.  187.    (WUIiams.) 

New  Beck  Vertlo»l  Bngine.    (lU.)    Elec  World,  Oct.  27,  p.  228. 
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DrlTing  Belts.    Lond,  Elec,  Rev,,  Oct.  26,  p.  469. 
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UNDERGROUND  WIRES. 

Underground  "Work  in  Brooklyn,  N.  T.  W.  D.  Sarg^cnt.  I.Amd. 
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The  New  York  Subwajs.     L.  F.  Beckwith.    Nat.  Tel.  Ex.  Assn.     M,  Y. 

EUc,  Engr,,  Oct ,  p.  487. 
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INSTRUMENTS.  MEASUREMENTS.  Etc. 

Oilman's  Multiple  Blectric  Indicator.    (111.)    N,  Y,  EUc.  Rev,,  Oct. 

27,  p.  6. 
A  NoTel  Blectric  Current  Indicator.   (111.)  P.  B.  Delany.  EUc.  World, 

Oct.  6,  p.   188  ;   Lond.  EUc.  Rev.,  Oct,  19,  p.  431  ;  Lond.  EUc.  Engr,,  Oct. 
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EUc.  Engr,,  Oct ,  p.  497. 
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Electrical  En{;^neer,  1409  New 
York  Ave.,  WashingtOD,  D.  C. 

Pk.  D.  {  Vice-President).  Major 
of  Ordnance.  U.  S.  Army,  Com- 
manding Kennebec  Arsenal, 
Augusta,  Me. 

Lieutenant  of  Engineers,  U.  S. 
Army.  P.O.  B0X2128.  New  York. 

Superintendent  Cleveland  Iron 
Mining  Co.,  Ishpeming,  Mich. 

( Vice-President).  Professor  of 
Ph3r8ics.  at  Cornell  University, 
Ithaca,  N.  Y. 

Electrical  Constructor,  member  of 
firm  "Paine  &  Francis,"  38 
Pearl  St ,  Boston,  Mass. 

Electrician.  1825  Fifth  Ave., Troy, 
N.  Y 

Lieutenant  U.  S.  A.,  Electrician, 
33  East  Twenty-fourth  St.,  New 
York. 

Engineer  and  Inventor,  Cleve- 
land, O. 

(Past  President).  Expert  for 
Westinghouse  Electnc  Co., 
Elixabcth,  N.  J. 

Pres't  and  Gen'l  Manager,  Central 
Electric  Construction  Co.  and 
Pres*t,  Southern  Elec.  Supply  Co. 
919  Spruce  St.,  St.  Louis,  Mo. 

Professor  of  Physics. 

Jacksonville.  111. 

Electrician.  Manager,  Electric 
MTg  Co.,  Troy.  N.  Y. 

{Manager),  Electrical  Engineer, 
Electrician  to  Electrical  Accu- 
mulator Co. ,  44  Broadway,  New 
York. 

Civil  and  Electrical  Engineer, 
36  Dearborn  St.,  Chicago,  111. 

Electrical  Engineer,  7  Albert  Ter- 
race, Hemberton  Road,  Stock- 
well,  London,  S.  W.  England. 

Electrician,  220  Sutter  St.,  San  I 
Francisco,  Cal.  { 

General  Superintendent  and  Con-  I 
suiting  Electrician,  Thomson-  • 
Houston  Elec.  Co.,  Lynn,  Mass  I 

Electrician  and  Electrical  Engi-  { 
neer,  430  South  Broadway,  ^ 
Baltimore,  Md.  I 

Electrician  and  Sup*t,  Swan  Lamp  j 
Co.,  Belden  St.,  Cleveland,  O.     j 

Electrical  Engineer,  with  Thorn- 1 
son-Houston  Electric  Co.,  Lynn.  1 
Mass.  I 
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AlldfCM. 


Date  of  Membenhip. 


Salomons,  5<>  David  Lionil,  Bart,  M.  A,,     Engineer  and  f 
Barrister.  Broomhill,  Tanbridge  I  A 
Wells,  Kent,  and  49  Grosvenor  |  M 
St.,  London,  W.,  England.  t 

Electrician  of  Scblesinger,  Kimball  f 
&  Co. ,  Manufacturers  of  Electric  J  A 
Mining   Machinery.    228   West  \  M 
Broad  St.,  Columbus,  O. 
Electrician,  Westinghouse  Electric  j  A 
Co.,  Pittsburgh.  Pa.  \  M 

Electrical   Engineer   and  Electro  C  A 
Metallurgist,  Leadville,  Col.        (  M 
New  York  and  Honduras  Rosario  (  . 
Mining  CompanVt  San  Juancito,  v  Vg 
Honduras.  CA.  (  ^ 

Standford,  William         Ass't  Sup*t  Telegraphs.  Colonial  (  . 


Feb.    7. 
May    I. 


SCHLBSINGBK.  Wm.  M. 

Shallknbkrgkr,  O.  B. 
Slater,  Henry  B. 
Smith.  Herbxrt  G. 


Gov't,  Cape  Town,  Cape  of  Good  -  \ 


StieRingkr,  Luther 
Stump,  Clarence  E. 


Terry,  Charles  A. 
Thurnauer,  Ernst 


M 


Hope,  Africa. 
Electrical   Expert,    44  Wall    St.,  j  A 
Room  71,  New  York.  {  M 

Bus.  M*gT  and  TreasV,  The  W. 
J,  Johnston  Co.,  Ltd.,  Publishers!  A 
of  the  EUctrUal  World,  167-177  1  M 
Times  Building,  New  York. 
Lawyer,  Westinghouse  Electric  j  A 
Co,  Pittsburgh,  Pa.  \  M 

Chief  Engineer,  Thomson- Houston  (  . 
International  Elec.  Co  .  Michae-  \  {^ 
lisbrOcke,  Hamburg,  Giermany.   ( 

Trowbridge,  Prof.  W.  P.  School  of  Mines,  Columbia  Col-  (  A 

lege.  New  York.  (M 

Turner,  Willl^m  S.  Electrical  Engineer,  Woodbridge  (  * 

&  Turner,  74  Cortlandt  St.,  \  w 
New  York.  (  ~ 

Vail,  J.  H.  Electrical  Engineer,  Ass't  to  the  f 

PresH.  Sprimie  Electric  Railway  J  A 
&  Motor  Co.  16  Broad  St..  1  M 
New  York. 
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Vansize,  William  B. 


Waddell.  Montgomery 


Walker,  Sydney  F. 


Waldo,  Dr.  Leonard 


Weaver,  W.  D. 


President,  Metropolitui  Telephone  (  ^ 
&  Telegraph  Co.,  18  Cortlandt-  w 
St.,  N^  Vork.  \  ^ 

,  Electrician,     Electrical     Railway  (  . 
Department,  Thomson-Houston  •<  y^ 
Electric  Co. .  Lynn,  Mass.  ( 

Solicitor  of  Patents,  44  Broadway,  j  A 
New  York.  (  M 

Engineer.  The  Edison  Machine  j  A 
Works,  Schenectody,  N.  Y.         (  M 

Electrical  Engineer,  195  Severn  j  A 
Road,  Cardiff,  England.  (  M 

Electrical  Engineer,  The  Alumi- 
num Brass  &  Bronze  Co. ,  Bridge- 
port. Conn. 

Lieutenant  U.  S.  N.,  Brooklyn  (  ^ 
Navy  Yard.  Residence,  90  Pier-  \  w 
pont  St  ,  Brooklyn,  N.  Y.  (  ~ 
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Weeks,  Edwin  R. 


Weston,  Edwakd 


Wbtzler,  Joseph 


Wheeler,  Schuyler  S. 


Wilson,  Fremont 
Winchester,  A.  £. 

WOODBRIDGE,  J.  L. 


Addren.  Date  of  Membenhip. 

General    Manager,    Kansas    City  f 
Electric    Light    Co.,    National  J  A  Sept.   6,1887 
Bank  of  Kansas  City  Building.  ]  M  Nov.    1,1887 
Kansas  City,  Mo.  t 

(Past  President  and  Vice-Presi*  (  *  .^  ..  ,^  _«q^ 
dent\.  Electrician,  645  High  ^  ^  ^™  ^5.  1884 
St..  Newark,  N.  J.  (  ^  ^^-  *^'  '^^^ 

(Manager),  "^^Woft^Ttu  EUctricall  .  Aorfl «  188^ 
W^U.  Times    BuiWing.    New  j  ^  Apnl  15,  1884 

(Manager),      President    Crocker-  f 

Wheeler  Electric  Motor  Co.,  322     .    y,,^^  ^   ,««# 

Seventh  Ave.,  Electrical  Expert,-^  ^  \^,  ^'  iSJ 

Board    of    Electrical    Control,     M  ^5cpt.  i,  i»b5 
1266  Broadway,  New  York. 

Electrician,  293  Lenox  (6)  Ave.,  j  A  Mar.  6,  1888 

New  York.                                    (  M  June  5,  1888 

Designer    of     Steam     Electrical  j  A  June  8,  1887 

Plants,  Wilton,  Conn.                  (  M  Nov.  i,  1887 

Electrical  Engineer,  Woodbridge  (  *    »„^^  ^   ,qo^ 

&    Turner,    74  Cortlandt    St.,-^^°*  f*  ;||7 

New  York.                                    (  **  ^®^'  '•  "^^ 

Zetsche,  Dr.  Carl  Eduard,  Telegraph  Engineer.  N.  Tieck- (  A  Nov.  i,  i887 

strasse  7,  Dresden,  Saxony.         \  M  Jan.  3,  188^ 
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Anderson,  Alexander 

Andrews,  Wm.  S. 
Backstroii,  Chas.  a. 

Barton,  Ends  M. 
Barrett,  John  A. 
Bates,  D.  H. 


Bates  J.  H. 
Bates.  Maurice  E. 


Beattie  John,  Jr. 


ASSOCIATE  MEMBERS. 

AddreM.  Date  of  Membenhip. 

Superintendent  of  Telegraph,  53  City 

Hall,  Cleveland,  O. 
New  York  Agent.  Fort  Wayne  Jen- 

ney  Electric  Light  Company,  115 

Broadway,  New  York. 
Superintendent  and  Manager  of  the 

Thomson-Houston    Electric  Co., 

Norfolk.  Va. 
Vice-President,  Leonard  &  Izard  Co. , 

425,  The  Rookery,  Chicago,  111. 
Manufacturer  of  Electric  Incandes-- 

cent  Lamps.   T2  Jacob  St.,  New 

York. 
President  Western  Electric  Co.,  227 

South  Clinton  St.,  Chicago,  111. 
Electrician,   18  Cortlandt  St ,  New 

York 
Vice-President  and  Gen'l  Manager, 

The  Electrical  Accumulator  Co., 

44  Broadway.  New  York.  .April  15.  1884 

Box  2702,  New  York.  Sept.    6,  1887 

Manager,  Western  Electric  Construc- 
tion Co.,  503  Delaware  St.,  Kan- 
sas City,  Mo.  Aug.     6,  1889 
Manager  and  Superintendent,   The    ^ 

Beattie  Battery,  Zinc  and  Electric  ^OOQ I 

Co..  Fall  River,  Mass  Sept.Hs,  1887 


July     7,  1884 


April  15,  1884 


Sept.  6.  1887 
Mar.     s,  1889 

Nov.  13,  1888 
July  12,  1887 
June     8,  1887 
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Berhgoi.tz,  Herman 
Berliner,  Emilb 


Blackwbll,  R.  W. 

Blake,  Francis 
Blake,  Henry  W. 

Blood,  W.  Henry,  Jr. 

BoGART,  A.  Livingston 

Bottomley,  Harry 

BoYNTON,  Edward  C. 

Bracken,  William 

Brackett,  Prop.  Cyrus  F. 
Brady,  Paul  T. 

Brinbr,  C.  J. 

Brooks,  David 
Brophy,  William 

Brown,  Charles  A. 
Browning,  Howard  L. 
Buckingham,  Chas.  L. 

Case,  Willard  E. 
Child,  Frank  W. 

Childs,  W.  H. 
Chinnock,  C.  E. 
Chubbuck,  H  Eugene 

Cleveland,  Wm.  B. 
CoppiN.  Chas.  A. 


April 
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1889 
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3. 
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Nov. 
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1888 

April 

a, 

1889 

July 

10, 

1888 

April 

2. 

1889 

Addreat.  Date  of  Maaibcriliip. 

Mechanical  Draughtsman,  Thomson- 
Houston  Electric  Co.,  Lynn,  Mass. 

Inventor,  Columbia  Road,  between 
Fourteenth  and  Fifteenth  Sts , 
Washington,  D.  C. 

Civil  and  Electrical  Engineer,  27 
Tenth  Ave.,  New  York. 

Aubumdale,  Mass. 

Agent,  Sprague  Electric  Railway  & 
Motor  Co. ,  16  Broad  St. ,  New  York. 

Electrical  Engineer,  Thomson-Hous- 
ton Electric  Co.,  Lynn.  Mass. 

Electrical  and  Patent  Expert,  22 
Union  Square,  New  York, 

Electrical  Engineer,  Thomson-Hous- 
ton Electric  Co.,  Lynn,  Mass. 

General  Superintendent  and  Electri- 
cian'. Robinson-Foster  Electric  Co., 
Peabody,  Mass.  Aug.     6,  1889 

President,  The  JuHen  Electric  Com- 
pany, 120  Broadway,  New  York.       May  24,  1887 

Princeton,  N.  J.  April  15,  1889 

Superintendent,  Central  N.  Y.  Tele- 
phone  &  Telegraph  Co.,  Coopers- 
town,  N.  Y.  July   12,  1887 

Vice-President,  Central  Electric  Con- 
struction Ca,  919  Locust  St.,  St. 
Louis,  Mo.  April    2,  1889 

President,  Brooks  Underground  Tel. 
Co.,  Philadelphia,  Pa,  June     5.1888 

Inspector  and  Electrical  Expert,  The 
^ew  England  Insurance  Exchange, 
Boston.  Residence,  51  Salem  St., 
Worcester,  Mass.  Mar.     5,  1889 

Manager  Western  Electric  Co.,  227 
South  Clinton  St.,  Chicago,  111. 

Promoter  and  Contractor,  41  Dey 

St.,  New  York. 
Patent    Attorney,    Western   Union 
Telegraph  Co.,    195    Broadway, 
New  York, 

6  Fort  St.,  Auburn,  N.  Y. 

Contractor  and  Builder  of  Electric 
Railways,  115  Broadway,  New 
York.  July    lo,  1888 

Bookkeeper  for  The  Estey  Otgan 
Co.,  Brattleboro.  Vt.  Sept.    6,  1887 

Edison  United  M'f'g  Co.,  65  Fifth 
Ave.,  New  York.  April  15.  1884 

Electrician  and  Manager,  Champion 
City  Electric  Light  Co.,  Spring, 
field,  O, 

Electrical  Engineer,  309  Perry-Payne 
Building,  Cleveland,  O. 

Vice-President  and  Treasurer,  Thom- 
son-Houston Electric  Co..,  620  At- 
lantic  Ave.,  Boston,  Mass.  ^,g,^,^^^^^ 


July    12,  1887 
Dec.     6,  1887 


April  IS.  1884 
Feb.     7,  1888 


Dec.     4,  1888 
April  IS,  1884 
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Name. 

Collins,  W.  Form  an 


Address. 


Date  of  Membership. 


Elelctrical  Engineer,  346  West  Twen- 
ty-first St.,  New  York. 

Professor  of  Physics,  College  of  the 
City  of  New  York,  17  Lexington 
Ave.,  New  York. 

Superintendent  of  Wiring  Depart- 
ment. Edison  Electric  Illuminating 
Co.,  432  liith  Ave.,  New  York. 

Electrician  and  Mechanical  Engineer, 
The  Eltrctric  Car  Co.  of  America, 
Twenty-third  St.  and  Washington 
Ave.,  Philadelphia.  Pa 

114  East  Thirtieth  St.,  New  York. 

Electrician,  Thomson-Houston  Elec- 
tric Co. ,  Ljrnn,  Mass. 

Assistant  to  Pies't  Henry  Morton. 
Stevens  Institute  of  Technology, 
137  Hudson  St.,  Hoboken,  N.  J.. 

Electrical  Engineer.  337  West  Twen- 
ty-second St.,  New  York. 

Agent  Washburn  and  Moen  M'f'g 
Co..  16  Cliff  St ,  New  York. 

Vice-f'res't  and  Genera]  Manager. 
Colorado  Coal  &  Iron  Co.,  South 
Pueblo,  Col. 

General  Manager,  Thomson-Hous- 
ton International  Electric  Co  ,  630 
Atlantic  Ave.»  Boston,  Mass. 

Superintendent,  Light,  Heat  &  Power 
Co.,  Pueblo,  CoL 

Superintendent,  Salem  Electric  Light 
&  Power  Co.,  Salem,  O. 

Consulting  Engineer,  18  Cortlandt 
St..  New  York. 

As8*t   Electrician.  Postal  Telegraph 
Cable  Co  ,  5  Dey  St.,  New  York. 
Delafield.A.  Floyd,  PA. I).  Electrical  Engineer,*Noroton,  Conn. 
Delany,  Patrick  Bernard,  Inventor,  84  Broad  St.,  New  York. 


CuMPTOiN.  Alfred  G. 


COTHREN,  Wm.  H. 


Crane,  W.  F.  D. 


Curtis,  Chas.  G. 
CuRTiss,  George  F. 

CuNTz,  Johannes  H. 


CUSHMAN,  HOLBROOK 

Dana.  R.  K. 
Danforth,  a.  H. 


Davenport,  George  W. 

Davis,  Chas.  M. 
Davis,  Delamore  L. 
Davis,  Joseph  P. 
Davis,  Minor  M. 


Denton,  James  E. 

Dickenson,  Samuel  S. 
Dickerson,  E.  N.,  Jr. 
Doane,  S.  Everett 
DoBBiE,  Robert  S. 

Doremus,  Charles  A. 


Professor  of  Experimental  Mechanics. 
Stevens  Institute  of  Technology, 
Hoboken,  N.  J.. 

Sunt,  Commercial  Cable  Co.,  Hazel- 
Hill,  Guysborough  Co.,  N.  S. 

Attomey-at-Law,    5    Beekman    St., 
New  York. 
.    Thomson-Houston     Electric     Co., 
Swampscott.  Mass. 

Electrician,  The  Van  Gestal  Electric 
Street  Car  Co.,  510  West  Fifty- 
fourth  St ,  New  York. 
Jif,  D,  Ph.  D.  Chemist  and  Physicist, 
Bellevue  Hospital  Medical  College. 
College  of  the  City  of  New  York 
and  American  Veterinary  College, 
92  Lexington  Ave.,  New  York. 


Dec.  6.  1887 
Nov.  I,  1887 
Aug.     6,  1889 


Feb.     7,  1888 
April  15,  1884 

April    a,  1889 


Mar.  5,  1889 
June  5,  1888 
April  15,  1884 

July    12,  1887 

June    4,  1889 

July    12,  1887 

April    2,  1889 

April  15,  1884 

April  6,  1886 
May  7,  1889 
April  15.  1884 

July  12,  1887 
Mar.  6,  1888 
April  15,  1884 
Aug.     6.  1889 

Feb.     5    1 889 


July     7,  1884 
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DuRANT,  Geo.  F. 

Emmet,  Herman  L.  R. 

Farmer,  Prof.  Moses  G. 
FiEU>iNG,  Frank  £. 

Fitch,  D.  H. 

Flack.  J.  Day 

Fleming,  Walter  M.  M. 

Ford,  Ellsworth 
Fuller,  Leyi  K. 
Giles,  Walter  A, 

Gilliland,  E.  T. 

Goldmark,  Chas.  J. 
Gould,  Chas.  W. 
Griscom,  Wm.  W. 


Gutmann,  Ludwig 
Hall,  Geo  C.  T. 

Hall,  Henry  D. 
Hall,  Edwin  H, 

Harding,  H.  McL. 

Harvey,  Wirt  B. 
Hatzel,  J.  C. 

HsALY.  Clarenck  "L. 

Hebard,  George  W 
Henderson,  Albkrt  H. 
Hknshaw,  Fredkrick  V. 


Addrets.  Date  of  Membenhip. 

Vice-Pres't  of  Bell  Telephone  Co.  of 
Mo.,  323  Pine  St.,  St.  Louis,  Mo.    April  15,  1884 

Publisher  and  Printer,  36  CortUndt 
Sc,  New  York.  April  15,  1884 

Electrician  and  loventor,  EUot,  Me.    April  is,  1884 

Chemist  and  Assayer,  Vlti^ia  City, 
Nev.  Sept.    6,  1887 

President,  The  Fitch  Battery  and 
Electric  Co.,  Cazenovia,  N.  V.  Sept.    3,  1889 

Ass't  Electrician  in  char^^e  of  Tests, 

Edison  Lamp  Go  ,  Harrison,  N.  J.     Dec.     6,  1887 
/).    Vice-President  of  the  Averell  In- 
sulating  Conduit  C^.,  45  Broad- 
way, Room  I,  New  York.  Jan.     3.  1888 

Superintendent  Edison  Electric  Light 
Co.,  Ottumwa,  la.  July    12,  1887 

Vice-President,    Estey  Organ    Co., 

Brattleboro,  Vt.  Mar.     5,  1889 

Electrical  Engineer,  Westinghouse 
Electric  Co.,  190  Broadway,  New 
York.  Nov.     i,  1887 

Vice-Pres't  Empire  City  Elec.  Co., 
15  Dey  St.  Residence,  179  West 
End  Ave.,  New  York.  April  15,  1884 

963  Park  Ave.,  New  York.  June     5,  1888 

3  Wall  St.,  New  York.  May  24.  1887 

President,  The  Electro  Dynamic  Co  , 
and  Managing  Electrician,  The 
Electrical  Accumulator  Co.,  New 
York.  Residence,  Haverford  Col- 
lege P.  O.,  Pa.  June     5,  18S8 

Electrical  Engineer.  P.  O.  Box  374, 
Fort  Wayne,.  Ind.  Sept.  14,  1888 

Electrical  Expert,  Care  of  Thomson- 
Houston  Electric  Co.,  148  Michi- 
gan Ave.,  Chicago,  111.  July    12.  18S7 

Promoter  (or  Exploiting  of  Electrical  * 

Enterprises),  1 5  Dey  St. ,  New  York.  June     8,  I SS  7 

Assistant  Professor  of  Physics,  Har- 
vard College,  5  Avon  St.,  Cam- 
bridge, Mass.  Sept.    3,  1889 

General  Agent,  Sprague  Electric 
Railway  and  Motor  Co.,  16  and  18 
Broad  St.,  New  York.  May   34.  18S7 

43^  Madison  St.,  Memphis,  Tenn.      Dec.    6.  1887 

Electrical  Engineer  and  Contractor, 
29  West  Twenty-sixth  St.,  New 
Vork.  Sept.     3,  1889 

Sup't  and  Electrician,  Commercial 
Telegram  Co.,  18  Broadway,  New 
York.  April  15,  1S84 

Preset,  United  States  Electric  Light 
Co..  120  Broadway,  New  York.         April  15,  1884 

Ries  and  Henderson,  45  Chamber  of 
Commerce,  Baltimore,  Md.  July    12,  1887 

AssisUnt  Electrician,  The  "C.  &  qj'^  CjOOQIC 
I  Greenwich  o 


Electric  Motor  Co.,  40a  ( 
St.,  New  York. 


Feb.     5,  1889 
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Name. 
HOCKHAUSEN,  WiLLIAlf 


Hopkins,  J.  Herbert 

Howell,  Wilson  S. 

HowsoN,  Hubert 
Hubrecht,  Dr.  H.  F.  R. 
Humphreys,  C.  J.  R. 
I  DELL,  Frank  E.  * 

Ihlder,  John  D. 

Insull,  Samuel 
ISELiN,  Henry  S. 
Ives,  Edward  B. 
Izard,  E.  M. 

Jackson,  C.  H. 
Jackson,  Dugald  C. 
Jackson,  Francis  E. 
Jaeger.  H.  J. 

Johnston,  W.  J. 

JUDSON,  Wm.  PIERSON,    ' 

Kennelly,  a.  E. 
Kerr,  Thomas  B. 
Kimball,  A.  S. 
Knapp,  Allan  C. 
Kreidlbr,  W.  a. 

Lain,  David  E.,  B,  S. 
Law,  M.  D. 


Addrett. 


Date  of  Membership. 


A|)ril  15,  1884 

April    2,  1889 

Sept.    3,  1889 
June     8,1887 


Oct. 


4,  1887 
6,  1887 


Electrician,  The  Excelsior  Electric 
Co  ,  196  Willougrhby  St.,  Brook- 
lyn. N.  Y. 

Swperiattiiideiit.  Centrd  Electric  Om- 
stniction  Company's  Bnmch  CMEce, 
212  N.  Hig:h  St.,  Ndshville,  Tenn. 

Electrical  Expert,  Central  Station, 
Edison  Elec.  Light  System,  New 
Brunswick.  N.  J. 

Patent  Lawyer.  38  Park  Row,  New 
York. 

Director,  Nederlandsche  Bell  Tele- 
lephoneCc,  Amsterdam,  Holland. 

Manager.  Lawrence  Gas  Co.,  Law- 
rence, Mass. 

Mechanical  Engineer,  41  Dey  St., 
New  York. 

Electrical  Engineer,  with  Asterheld 
&  Eickmeyer,  Msmufrs  of  Dyna- 
mos and' Motors,  Yonkers,  N.  Y. 

Electrical  Manufacturer,  44  Wall  St., 
New  York. 

President,  Gibson  Electric  Co.,  74 
Cortlaftdt  St.,  New  York. 

Lieutenant  U.  S.  A.,  David's  Island, 
New  York. 

Electrical  Engineer,  Secretary  and 
Treas'r  of  the  Leonard  &  Izard  Co  , 
425,  The  Rookery,  Chicago,  111. 

Vice-Pres't,  Standard  Underground 
Cable  Co..- Allegheny,  Pa. 

Vice  Pres't,  The  Western  Engineer- 
ing Co. ,  Kearney,  Neb. 

With  Edison  Lamp  C0.9  Harrison, 

■N.J. 

Chemical,  Physical  and  Electrical 
Glass  Blowing,  173  Pearl  S,., 
Brooklyn.  N.  Y. 

President,  The  W.  J.  Johnston  Co., 
Ltd..  Times  Building,  New  York. 

U.  S.  Civil  Engineer,  Oswego,  N.  Y. 

Electrician.  Edison  Laboratory, 
Orange,  N.  J. 

Attomey-at-Law,  32  Nassau  St.,  New 
York.     ' 

Professor  of  Physics,  Worcester  Poly- 
technic Institute,  Worcester,  Mass.     Sept.    3,  1889 

Electrician,  225  Dearborn  St  ,  Chi- 
cago, 111. 

Editor  and  Publisher,  IVestem  Elec- 
friciaM,  6  Lakeside  Building,  Chi- 
cago, 111. 

Electrical  Engineer.  Yonkers,  N.  Y. 

General  Sup't,  United  States  and 
Pbila.  Electric  Light  Co.,  Twen- 
tieth  and  Johnston  Sts.,  Philadel- 
phia. Pa. 


Sept, 

July    12,  1887 

Oct.  2,  i888 

Dec.  7.  1886 

June  2,  1885 

April  2,  1889 

Mar.  5,  1889 

May  24,  1887 

May  3,  1887 

Jan.  3.  1888 

July    12,  1887 

April  15,  1884 
June     8.  1887 


May 
Nov. 


I.  1888 


I,  1887 


Sept.    6,  1887 

Oct.     4,  1887 
Nov.  13,  1888 

^ooQle 

Feb.     Y  1888 
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Name, 
Ledoux,  a.  R. 

Leland,  H.  W. 

Lemp,  Hermann,  Jr. 

Lewis,  Henry  Frederick 

LiEBiG,  GusTAV  A.,  Jr. 
LowRT,  Grosvenor  p. 
Maclilie,  C.  H. 

Madden,  O.  E. 
Magie,  Louis  J. 

Mailloux,  C.  O. 
Mansfield,  Geo.  W. 

Martin,  T.  Commerford 

Maver,  William,  Jr. 
McIntire,  Chas. 

McKibbin,  George  N. 

McInstry,  J.  P. 
McMahan,  John  M. 
Mercer,  Andrew  G. 

M  II.LER,  Joseph  A. 

Miner,  W.  M. 

Mitchell,  John  Murray 
Mix,  Edgar  W. 

Morrison.  J.  Frank 
Morton,  Henry,  Ph,  D 

Moses,  Dr.  Otto  A. 

MosscROP,  Wm.  a. 


AddrcM.  Dftte  of  Membcxihip. 

Chemical  Expert,  lo  Cedar  St.,  New 
York.  Dec.     7.  1886 

Manager,  Telephone  Exchange,  259 
Washington  St ,  Jersey  City  N.  J.    April  15,  1884 

Electrician,  Thomson  Electric  Weld- 
ing Co.»  Lynn,  Mass.  April  2,  1889 
William,  General  Manager  and  Se- 
cretary of  the  Western  Counties 
South  Wales  Felephone  Co.,  Eng- 
land, 16  High  St ,  Bristol,  Eng.        Mar.     5.  1889 

Elec'l  Testing  Bureau,  Johns  Hop- 
kins University,  Baltimore,  Md.        Mar.    6,  1888 

Lawyer,  15  Broad  St.,  Residence  121 
Madison  Ave.,  New  York.  Nov      1,1887 

Broker  in  Electrical  Securities,  tem- 
porary address,  125  Temple  Court, 
New  York.  ^ 


President,  Empire  City  Electric  Co.. 
15  Dey  St.,  New  York. 


July  12,  1887 
April  15,  1884 


Electrical  Engineer,  in  charge  of  Eu- 
ropean Office  of  Thomson- Hous- 
ton International  Electric  Co., 
MichaelisbrQcke  i,  Hambui^.  Gy.     April    2,  1889 

Consulting  Electrical  Engineer,   32 

Liberty  St.,  New  York.  April  15,  1884 

Electrical  Engineer,  with  Thomson- 
Houston  Electric  Co  ,  620  Atlantic 
Ave.,  Boston,  Mass.  June    2.  1885 

{^Past  President  and  Vice-President:) 
Editor,  The  Electrical  World, 
Times  Building.  New  York.  April  15,  1884 

{Manager.)  Electrical  Expert,  31 
Nassau  St..  New  York.  July   12.  1887 

Manufacturer  of  Mclntire's  Patent 
Electric  Wire  Connectors.  &c.,  3b 
Crawford  St..  Newaik.  N.  J.  July    12,  1887 

Chemist  and   Electrician,   46  West 

Fifty  first  St.,  New  York.  June     8,  1887 

185  Seneca  St..  Cleveland,  O.  April  15.  1884 

Bergen  Point.  N.  J.  Aug.    6,  1889 

Treasurer  and  Electrician,  Waterloo    Sept.    3,  1889 
Electric  Co..  Waterioo,  N.  Y. 

Civil  and  Consulting  Engineer, 
Providence.  R.  L  Dec.     9, 1884 

Electrician .  and  Inventor,  89  East 
Second  St.,  Plainfield,  N.  J.  July    12,  1887 

Lawyer,  45  Wall  St..  New  York.  June     2,  1885 

Electrician,  with  Thomson-Houston 
Electric  Co. ,  Lynn,  Mass.  Sept     3.  1889 

15  South  St..  Baltimore.  Md.  April  15,  1884 

President  of  Stevens  Institute  of 
Technology,  Hoboken.  N.  J.  May  24.  1887 

Electrician,  ur  East  Seventy-third 
St.,  New  York.  May   17.  1887 

26  Court  St..  Brooklyn,  N.  Y.  May     7,  1889 
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Name. 

NiciiOLLS,  F.  Victor 


NuNN,  Richard  J,,  M,  D, 
Oatis,  John  X. 

OCKERHAUSKN,  H.  A. 

O'Dea,  M. 
Parshall,  H.  F. 

Paul,  Chas.  M. 
Peck,  Samuel  C. 

Peirce.  Wm.  H. 

Phelps,  Geo.  M. 
Phillips,  Eugene  F. 
Plush,  Dr.  S.  M. 
Poole,  Cecil  P. 
Pope.  Ralph  W. 

Pratt,  Herbert  G. 
Rae,  Frank  B. 
Randall,  John  E. 
Reed,  Chas.  J. 

Reed,  Henry  A. 

Reilly.  John  C. 
Reinmann,  a.  L. 
Riker,  Andrew  L. 
Robinson,  Almon, 

RoEBLiNG,  Ferdinand  W. 


Address. 


Date  of  Membenhip. 


Sept. 

6. 

1887 

June 

8, 

1887 

S«pt. 

7. 

1888 

May 

7, 

1889 

Electrician  and  Manager  Vancouver 

Electric  Illuminating  Co  ,  Van- 
couver. B.  C.  Dec.  4.  1888 
Physician,  119  York  St.,'  Savannah 

Ga.  July    «,  1887 

Manager  and  Electrician,   Amster* 

dam  Electric  Light  &  Power  Co., 

Amsterdam.  N.  Y.  Sept.    7.  188S 

Electrical  Engineer.  Brooklyn  &  N. 

Y.  Ferry  Co.,  Brooklyn,  E.  D.. 

N.  Y. 

Electrician,  University  of  Notre 
Dame,  Notre  Dame.  Ind. 

Electrician, Sprague  Electric  Railway 
&  Motor  Co.,  16  Broad  St.,  New 
York. 

Electrician,  17a  Remsen  St.,  Brook- 
lyn, N.  Y. 

Electrician,  Thomson- Houston  Elec- 
tric Co..  620  Atlantic  Ave,  Bos- 
ton  Mass.  Sept.    6,  1887 

Superintendent  Marine  Installations, 
United  Edison  M'f*g  Co..  65  Fifth 
Ave.,  New  York.  Sept.    7.  1888 

( Treasurer),  Electrical  Engineer  and 
Editor,  II  Wall  St.,  New  York.        April  15,  1884 

MTr  Insulated  Electric  Wire.  Provi- 
dence, R.  I.  July    13.  1886 

Electrician,  319  South  Tenth  St , 
Philadelphia,  Pa.  April  15.  1884 

Contracting  Electrical  Engineer, 
206-8  Eighth  St.  Lynchburg.  Va.    Jan.      3,  188S 

Secretary  of  the  American  Institute 
of  Electrical  Engineers,  5  Beekman 
St.,  New  York.  June    2,  1885 

Treasurer  Samson  Cordage  Works. 
164  High  St.,  Boston,  Mass.  Oct.     4,  1887 

Electrical  Engineer,  Detroit  Electri- 
cal Works,  Detroit,  Mich.  April  15,  1884 

Incandescent  Lamp  Dep't, Thomson- 
Houston  Electric  Co..  Lynn,  Mass.     May     7,  t88g 

Electrician,  Care  of  American  Insti- 
tute of  Electrical  Engineers,  5 
Beekman  St..  New  York.  Mar.    5,1889 

Secretary  and  Manager.  Bishop 
Gutta-Percha  Co.,  422  East  Twen 
ty-fifth  St.,  New  York.  June     4,  1889 

General  Sup't,  N. Y.  &  N.  J.  Tel  Co  , 

16  Smith  St ,  Brooklyn,  N.  Y.  April  15,  1884 

Electrician,  Breckenridge  Ave.. 
Pittsburgh,  Pa.  June     8,  1887 

Electrical  Engineer.  15  East  Fifty 
fifth  St.,  New  York.  Nov.     t,  1887 

Draughtsman,  Expert  in  Methods  of 
Gearing,  P.  O.  Box.  943,  Lewis- 
ton.  Me.  Sept.    6.  1887 

Manufacturer   of    Electrical    Wires      ,  . 

and  Cables,  Trenton,  N.  J.  Digitized  bjiuMO€)g4^ 


XIV 


N«me. 
Rogers,  Winfield  S. 

ROOME,  H.  C. 
ROSENBAUM,  WM.  A, 

RoYCE,  Fred  W. 

Ryan,  Harris  J. 
Sargent,  W.  D. 
Sawyer.  Frederick  J. 
Saxelby,  Frederick, 

Schmidt,  Frederick, 

Searing,  Lewis 
Seely,  J.  A. 

Serrell,  Lemuel  Wm, 

Sheehan,  William  M. 

SiSE,  Charles  F. 

Smith,  Gerritt 
Smith,  J.  Elliot 

Smith,  Jesse  M. 

SouzA,  Carlos  Montiero  e 
Sprague,  Frank  J. 

Stanley,  Wiluam,  Jr. 
Stearns,  Charles  K. 

Stebbins,  Theodore 

Stockbridge,  Geo.  H. 

Stockly,  Geo.  W. 


Address.  Date  of  Membcraliip. 

Mechanical    Eneineer,     Watervliet 

Arsenal,  West  Troy.  N.  Y.  Sept.     3,  1889 

32  Liberty  St.,  New  York.  April  15,  1889 

Electrical  and  Patent  Solicitor,  Can 

of  The  EUctfical   Wifrld,  Times 
-  Building,  New  Yo  k.  Jan.      3.  1889 

Electrician  and  Patent  Solicitor.  J408 

Pennsylvania    Ave.,   Washington 

D.  C.  April  15,  1884 

Professor  of  Electrical  Engineering, 

Cornell  University,  Ithaca,  N.  Y.     Oct.     4,  1887 
General  Manager.  N.  Y.  &  N.  J.  Tel. 

Co..  16  Smith  St.,  Brooklyn,  N.  Y.     April  15.  1884 
Pres't,  The  New  England  Electric 

Co.,  55  Oliver  St.,  Boston,  Mass.      June     8,  1887 
Electrical  Engineer,  Superintendent 

of  Exhausting  Department,  Edison 

Lamp  Co.,  Harrison,  N.  J.  June    5,  1888. 

Managing  Director,   The  Schmidt- 
Douglas  Electric  Co.,   L'td.,  31 

Blenheim  Rd  ,  Bradford,  England.    Jan.     3.  1888 
313  West  One  hundred  and  thirtieth 

St.,  New  York.  April    3,  1888 

Electrician,  Metropolitan  Telephone 

&  Telegraph  Co.,  i8CortlandtSt , 

New  York,  April  15,  1884 

Mechanical  Engineer  and  Managing 

Director.  Daft  Electric  Light  Co., 

Jersey  City,  N.  J.  Nov.     i,  1887 

Manager  and  Electrician,  Newburgh 

Electric  Light  &  Power  Co.,  65 

Montgomery  St.,  Newburgh,  N.Y.     Sept.    3,1889 
Vice-President  and  Mansiging  Direc- 

tor.  Bell  Telephone  Co.,  of  Canada, 

and  Canadian  1  elephone  Co ,  Ltd., 

Montreal,  Canada.  June     8,  1887 

Circuit   Electrician,    195  Broadway, 

New  York.  April  15,  1884 


Superintendent  Fire  Alarm  Tele- 
graph, 157  East  Sixty-seventh  St., 
New  York.  April  15,  188O 

Consulting  Electrical  Engineer  and 
Expert  in  Patent  Causes,  36  Mof- 
fatt  Block,  Detroit,  Mich.  April  15,  1884 

Rua  Castilleo  3,  Lisbon,  Portugal.        Sept.    6,  1887 

Electrician,  and  Vice-President, 
Sprague  Electric  Railway  &  Motor 
Co.,  i6  Broad  St.,  New  York.  May   24,  1887 

Electrician,  Great  Barrington,  Mass.     Dec.     6,  1887 

With  Thomson-Houston  Electric 
Co.,  Lynn,  Mass.  Aug.     6,  1889 

Electric  Railway  Inspector,  Thom- 
son-Houston Elec.  Co  ,  Lynn,  Mass.    July     9,1889 

Patent  Attorney,  132  Nassau  St., 
New  York.  May  34.  1887 

President,  Brush  Electric  Co.,  Cleve- 
land, O.  April  15,  1884 

Digitized  by  VjOOQIC 
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Name.  Address.  Date  of  Membership. 

Stuart,  Oifis  K.  Clerk,   Thomson  Electric   Welding 

Co.,  Lynn,  Mass.  Jan.      4.  1S89 

Metallurgist.  U.  S.  Assay  Office,  30 
Wall  St..  New  York. '  Nov.     1.  1887 

Electrical  Engineer,  575  Madison 
Ave.,  New  York.  May     3,  1887 

Electrical  Engineer  and  Inventor, 
WestinghOuse  Electric  Co.,  Pitts- 
burgh, Pa  June     5,  1888 

Patent  Attorney,   5    Beekman    St., 

New  York.  April  15,  1884 

Thompson,  Wiluam  Geo.  MacNeill,  Resident  Engineer,  Sault 

Ste.  Marie  Canal,  Sault  Ste.  Marie, 
Ontario.  July    12,  1887 

{.President),  Electrician,  Thomson 
Houston  Electric  Co.,  and  Thom- 
son Electric  Welding  Co.,  Lynn, 
Mass.  April  15,  1884 

{AHnagei^.  Attorney  and  Expert  in 
Electrical  Cases,  5  Beekman  St., 
New  York.  July    10,  1888 

Sup't,    Thomson    Electric  Welding 
Co.,  325  Boston  St.,  Lynn,  Mass.         April    2,  1889 
Electrician,  with  Edison  Electric  Il- 
luminating Co.   of   Brooklyn,    26 
Court  St.,  Brooklyn,  N.  Y.  May     7,  1889 

( Vice-President),  Treasurer  and 
General  Manager,  Edison  Lamp 
Co,,  Harrison,  N.  J.  May   17,  1887 

Manager,   Duluth    Telephone    Co., 

Duluth,  Minn.  Sept.    6,  1887 

425,  The  Rookery,  Chicago,  III.  April    2,  1889 

Van  Hoevenbergh,  Henry  (Manager).    Electrical  Engineer  and 

Inventor,    108  Liberty  St.,   New 
York.  June     5,  1888 

Van  Trump,  C.  Reginald  Under-Graduate  in  Electrical  Engi- 
neering, Cornell  University, 
Ithaca,  N.  Y.  Feb.     5,  1889 

Central  and    South  American  Tel. 

Co.,  Tehuantepec,  Mexico.  June     5,  1886 

Chief   Engineer,    San  Diego  Cable 

Tramway  Co,  San  Diego,  Cal.  Nov.  16,  1886 

Dealer  in  Electrical  Supplies,  Ponce, 

Porto  Rico.  Sept.    6,  1887 

Electric  Ora^ans,  3644  Third  Ave., 

New  York.  Sept.    6,  1887 

Wire  Manufacturer,  Ansonia,  Conn.     April  15,  1884 
Schenectady,  N.  Y.  April    2,  1889 

205  Penn  Building,  Pittsburgh,  Pa.      April  15.  1884 
Ass't   General  Sup't,   Westinghouse 

Electric  Co.,  Pittsburgh,  Pa.  Sept.    6,  1887 

Importer,  121  Mercer  St.,  New  York.    June     8,1887 
Manufacturer,  Bell  Telephone  Manu- 
facturing Co.,  Antwerp,  Be^um      Sept.    6,  1887 
White,  H.  C.  Mans^er,  Phoenix  Iron  Works  Co., 

16  Dey  St.,  New  York.  April  15,  1884 
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Taylor,  Charles 
Temple,  William  Chase 
Tesla,  Nikola 

Thompson,  Edward  P. 


Thomson,  Prof.  Elihu 

Townsend,  Henry  C. 

Tregoning.John 
Uhlenhaut,  Fritz,  Jr. 

Upton,  Erancis  R. 

Van  Brunt,  Walter 
Vance,  A.  St.  Clair 


Van  Valkenburgh,  F.  S. 

Van  Vleck,  Frank 

ViDUARRE,  Jose 

Wacker,  George  G. 

Wallace,  William 
Walter.  Henry  E. 
Waring,  Richard  S. 
Waterhouse,  Frank  G. 

Weil,  Leopold 
Welles,  Francis  R, 


Name. 

White,  J.  G. 
Whitney,  Henry  M. 
WiGHTMAN,  Merle  J. 

Wiley,  Wm.  H. 
Williams,  Charles,  Jr. 
Williams,  James  B.  M.  /?. 
Winkler,  Charles  F. 
Wint&ingham,  J.  P. 

WOLCOTT,  TOWNSEND 

Wood.  E.  J. 
Woodruff,  H.  O. 
Worthington,  George 
Young,  Alden  M, 

Young,  C.  Griffith 


Addran.  Date  of  Memb*r«hii>. 

Manag^er^  The  Western  Engineering 

Co.,  Kearney,  Neb.  April    2,  1889 

President,  West  End  Street  Railway 

Co..  81  Milk  St..  Boston,  Mass.  July  13,1887 
Electrical   Engineer  and    Inventor, 

Thomson-Houston    Electric   Co., 

Lynn,  Mass.  Mar.     5,  1889 

Scientific  Expert,    15   Astor   Place, 

New  York. 


Feb.      7,  1888 


Zalinski,  Cafi.  E.  L. 

Associate  Members, 


Electrician,  100  Sudbury  St. ,  Boston, 
Mass. 

Physician,  1068  Eighteenth  St..  Oak- 
land, Cal. 

Electrician,  Troy  Electric  Dynamo 
Co.,  4  Park  Ave.,  Troy,  N.  Y. 

Theorist,  36  Pine  St.,  New  York. 

Consulting  Electrician,  828  Monroe 
St.,  Brooklyn.  N.  Y. 

Consulting  Engineer  and  Contractor, 
243  Bioadway,  New  York. 

Agent.  Sprague  Klectric  Railway  & 
Motor  Co.,  Pes  Moines.  Iowa. 

Manager,  EUctrical  Review ^  13  Park 
Row,  New  York 

Contractor  for  Organization  and  com- 
plete Equipment  of  Electric  Light- 
mg  Plants,  loi  Bank  St.,  Water- 
bury.  Conn. 

Superintendent  and  Electrician, 
Mount  Morris  Electric  Co..  56 
Broad  St..  Residence,  26a  West 
One  hundred  and  twenty-third 
St.,  New  York. 

U.  S.  A.,  Fort  Hamilton,  N.  Y. 


April  15. 

1884 

Sept.    7. 

1888 

Sept.    3. 
May     7, 

1889 
1889 

Mar.    6, 

188B 

July    12, 

1887 

Oct.     2, 

18S8 

April  I?, 

1S84 

Sept.     6,  1S87 


Jan.      3,  [889 
May   17,  1887 


224. 


RECAPITULATION. 

Honorary  Members. 1 

Members, 125 

Associate  Members. 224 

Total        -        -        -        -      550 
Any  errors  in  this  list,  or  changes  in  address  should  be  reported  to  the  Secretary, 
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